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PROCEED I :\'GS-IVESTKRN AUSTRALIAN I NST ITUT ION OF ENGINEERS. 

PAPERS AND DISCUSSIONS. 

The Instituti on is not respons ible, as a body, for the fn.cts and opi nions advanced in any 

of its public:uions . 

PI\.ESIDENTIAL ADDRES . 

(BY ERl EST EDWARD LIGHT.) 

I rise with feelings of deep gratitu le to the members of this Institution 
for the honor done to me in electing me as their third president. It is 
the greatest honor they can confer and I assure them that I will devote 
myself to maintain the prestige and to promote the interests of this 
Society with the important profession to whi ch w belong. 

It is the usual custom of societies of this kind, at the first ordinary 
meeting of the y arly session, for the president to deliver an address, 
and I do not think I can do better than to confine the matter to one 
of the principal engineering transport agencies which are necessary for 
the development of this tate of Western Australia. Your first president, 
Mr. J ames Thompson, in his inaugural address, described the early mean 
of tran port by roads constructed principally with prison labor. But 
it was not t ill r87r that it was proposed to build raih1·ays. The 11r t 
raiLvay in the colony was huilt ancl 01-vn cl by priY ate enteq.>ri c, and 
was laid down Irom the co::Jst at a spot some five miles to the north of 
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Busselton, and generally known as Lockeville. This line ,,·as constructed 
to bring jarrah logs irom the Darling Range, some 20 miles distant , 
to a saw mill a t. Lockeville, and was completed in r87I. The location 
of the railway was rather peculiar in that it apparently was not laid 
out with a theodolite, as there are long swings in the alignment, as if 
it had been set out by a ganger, and occasionally a tree got in his vvay, 
so he put in small angles of deflection, the angles ranging from 21 to · 
30 minutes. The gauge is 3' 6". 

I made the acquaintance of this railway in r885, when I was engaged 
in surveying an extension for the timber company, and at that time 
the rails were in such bad order that the heads were in many places gone 
entirely and the wheels were running on the web, the traction power 
being horses, although there was a locomotive in a shed at the coast­
said to be the first manufactured in Australia, at the Phoenix Works, 
Ballarat, Victoria- but I under tood if it went out on the road it might 
be neces. ary to send a team of bullocks to bring it home. I may say 
the locomotive is still at Lockeville. The greatest engineering difficulty 
I noticed on this line was cro sing a large swamp or chain of swamps 
a few miles from the coast. This wa surmounted by constructing a 
low flood timber opening probably half a mile long. The original rail 
were iron and weighed, I believe, 21 lbs. to the yard. The line was out 
of use for many years until the r ails were replaced in r8g8 with 45, 46:1-
and 50 lbs. steel rails. As the jarrah wa intended for export, a small . 
jetty was constructed fro m the mills into the sea, and sailing vessels 
loaded direct. 

The next railway was built in 1872-also co nstructed by private 
means-and is known as the Jarrahdale Timber Company's line from 
Rockingham to the Darling h.anges at J arrahdale. 

This line was also co nstructed to carry jarrah to the coast for shipment, 
but after it was sawn at the mills at J arrahdale. The gauge is also 3' 6". 
The origin al rails were wood with iron strips on curves. · 

The line has been ext ended beyond J arrahdale and additional mills 
erected, and is still working, but is connected to the Government railways 
at Mundij ong, and that portion from the latter place to Rockingham is 
now never used. The greatest engineering difficulty on this line was 
getting through the Hills with as liUle earthworks as possible, and this 
was accompli heel by putting in sharp curve of 3 chains radius. I 
understand it is contemplated to flatten these curves shortly, as a deviation 
has been pegged out. 

In the third line constructed we have a change of owner hip. This 
is the Northampton line-the first rai lway constructed by the Government. 
This line was first proposed, I believe, in 1871, and authority was received 
from the Imperial Government (this State vvas at the time a Crown Colony). 
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The object in building the line was to bring down lead ore from the North­
ampton mines to Geraldton for export, the mines being 25 miles from 
Gerafdton ; and the line as constructed was 34 miles in length. The 
survey for the line was let by contract to a Melbourne firm, who sent 
an officer to carry out the work in I8J3, but as lead had dropped in price 
the construction of the line was deferred, and it was not until I879 that 
it was comrJleted. \iVhen the contractor took possession of the ground he 
found the pegs had been ea.ten by white ants, and the alignment was in 
many places loc.aterl by himself, hence some reverse curves were of 31 
and 4 chains radius without any st raight between. The ruling gradient 
was I in 35~, and weight of rails 35 lbs. to the yard and of iron. 

The rolling stock was necessarily of a light class, the axle load of 
the locomotive being 5 tons IS cwt. only, and that on the tender; on 
account of the harp curves, two engines of the Fairlie patent were intro­
duced, but were not satisfactory, and one was afterwards cut in two 
and made into two small shunting engines. 

ome two years ago the line was relaid with 45 lbs. teel rails and 
the sharp curves deviated and flattened, and eight chains radius is novv 
the sharpest, and the length of the line was reduced by 34 chains. 

A noteworthy fact to be remembered is that the leepers, which 
were 6" x 3" in section, were well preserved. The line was opened in I879 
and the majority of the sleepers were still fit for use in Igog, showing 
that they were well selected from mature timber and free from heart. 
This is an object lesson. 

Now we come to a line of more importance than all of them- the 
first step in the Eastern H.ailway and in fact the general railway ystem 
of the whole tate-from Fremantle to Guildford. This was really the 
forerunner and parent line of many others, and was constructed under 
the authority of the Crown Government, and was opened in I88·r. The 
rails were steel, 46;} lbs. to the yard and the ruling grade I in 6o, the 
sharpest curve being 15 chains radiu . 

It is appar nt that there mu t have been a battle of the routes for 
this line, as urveys were made in I874 on both ides of the river between 
Fremantle, Perth and Guildford, and there were many proposed crossings 
of the Swan River. The first survey for any part of the Eastern Line 
was made from Guildford towards Greenmount in I873 ; therefore. the 
idea at that time must have been to make Guildford the we tern terminus, 
and make use of the river to Perth and Fremantle, as goods for the York 
district were lightered from the ships in Gage Roads at Fremantle and 
conveyed per river to Guildford, thence per road. 
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An old wharf and crane were only rece ntly removed from the northern 
end of Meadow Street, known as Barker' Bridge. 

The special features of thi section a re the two bridg s over the 
wan River, one at Fremantle and one at Guildford. Both were con­

structed of jarrah. 

The timber had been well elected, a it has tood the thirty odd 
years-especially the pile -remarkably ,,·ell. The Fr mantle bridge was 
duplicated in r895 by the Public \Yorks D p<tri.mcnt for the construction 
of th harbor, and the piles haYe had to b r ncwecl air acly. Thi 
section wa extend ·I to Chicllow' \Veil, ome 21 miles, in 18R3, the 
location passing nc·ar .'llr. Smith's timber mill: hen e th name' Smith's 
Mill " :tation 

A hort distan e on the Perth side of this tation difficu lties croppe l 
up: a cutting was in progres and the lope , which con. isted of pipe clay 
full of water, w re continually slipping in, and the contractors appealed 
to the Gov rnment for a deviation, and afte r some consideration one 
wa et out which brought the formation 17 feet below the bed of the 
creek and on th same alignm nt; con equently a large diver ion of the 
er ek folio ved, some of the water being turned through another valley 
which led into the Helena River. Th trouble wa not OYer now, for 
when the new cutting was taken out the bottom was also pipe clay and 
springs of water, ,,·ith the re ult that after the rail were laid and a train 
pa ed O\ er, the rails an l sleepers were invisible, in fact the bottom was 
so oft that the lat Inspector Hayden on stepping ofi the Permanent 
Way once went down to his arm pits and wa. rescued with difficult 
by th aid [a rop . To try and cop with th difficulty a layer of large 
stone or bould rs wer laid down, but these went ut o[ sight; then 
timber baulk. wer laid longitudinally under the sleepers, 1 ut these 
disapp ared ; then th contractor tri cl an exp riment by laying bundle 
of ru hes and brushwood, unknown to the departmental engineer, on the 
formation , but these followed th stone and timber. 1t was then cl cided 
to put down some bore , and at a depth of some 33 ft. solid rock was 
touched, but among the cores which were brought to the surface from the 
boring tubes , to the astoni. hment of the cl partmental ngin er, w re gre n 
rushes fr m the bottom, and the gent] man in questi n reported to hi 
Government that rushes w re growing at a depth of 33 ft . 1 elow the 
surface ! The re. nlt of finding a bottom was that a wall of sheet piling 
with walings was driven down to the rock on each ide of the P rmanent 
Way, and it was tied together at the top under the ba e of the cutting 
with wrought iron lie rods, the r sult being that after a drain was taken 
out on the out. icle of the heeting the centre portion wa kept fairly dry, 
and it has stood sin e that time. There is always a fairly tron tream 
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running from each side all the year round. The grade through this 
cutting i I in zz, and therefore limits the load of trains to a very small ' 
tonnage on this section. 

From Chidlow's Well the line was extended to York and Beverlev 
with branches to Northam and Newcastle (now Toodyay) . All the~~ 
sections were laid with 46;f lbs. rails and 7' x 8" x 4" sleepers. 

About the time the e latter sections were constructed, I 5 to I888, 
the Geraldton-Walkaway line (Ig miles) and the Bunbury-Boyanup line 
(IS miles) were also built, the fornier with 46! lbs. rails and the latter 
with 35 lbs. rails. The former was laid in connection with the concession 
to the Midland Railway Company, as the Government provided that the 
terminus of the concession line should be some zo miles on a Government 
railway from the sea port. at both ends- thus the Government could 
carry all their traffic for zo miles, whether imported or exported. 

This completes all the Go' ernment lines constructed while the tate 
was under Crown control, with a total of zoo miles. 

In I8go the Colony was granted H.esponsible Government, and about 
thi time the great discoveries of gold were made some 250 miles ea ·t 
from Fremantle, and it was decided to extend the railway system from 
Tortham to Southern Cross, and later to Coolgardie and Kalgoorli.e. 

The u ual battle of the route took place, and Northam and York fought 
hard for the honors of the starting point, but the former won, and thus 
formed what is now CiJ.lled the Eastern Goldfields Line ; although, accord­
ing to the present programme, York will have its direct connection at 
Merredin via Quairading. Since this time the steel rails have been creeping 
north, east and south, to the total mileage of z,so6t to-day with 324 in 
actual construction, and 7II arc owne I by private companies or used 
in ·onnection 11-jth various industrial undertaking:;, making a grand tota l 
of 3,5 .. p miles. 

Included in this is the deviation of the Eastern Line between Bellevue 
station and Chidlow's Well, known as the Mahogany Creek deviation. 
This was constructed to reduce the grades between those stations from 
I in 30 and I in zz to I in 50, and includes the only tunnel in the tate 
used for railway purposes. ln other places on the Eastern Line the 
grades have been improved and curve flattened, all tending to reduce 
working expenses. Also I06 miles of line have been duplicated and the 
main lines have been relaicl with 6o lbs . rail , permitting the running 
of heavier locomotives thereon, which means heavier trains and further 
reduction of working expense . 

In I884 an agreement was signed between the Government and the 
\V. . Land Company to build a line from Beverley to Albany, the Go­
ernment giving land along the line and the company building the line. 
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This was opened in I88g, but the Government purchased the line and 
land not taken up in I8g6. The ruling grade was I in 55 and sharpest 
curves IS chains radius. 

Another railway was also built on the land grant system by the 
Midland Railway Company of Western Australia, fro m Midland Junction 
to Walkaway. The first sod was turned at Midland Junction in I886, 
but there were many delays in carrying out the work, from financial 
causes, and the line was not opened for through traffic till I895· The 
ruling grade I in 6o, and sharpest curve IS chains radius. Since all 
these railways have been constructed their usefulness has been increasing, 
and their help to develop this great State has been very marked, and 
the traffic has increased to such an extent that the line and rolling stock 
have been improved and strengthened to a considerable degree-577 
miles which were originally laid with 46! lbs. and 45 lbs. rails have been 
relaid with 6o lbs. material and heavier sleepers. And 50 miles of 35 lbs. 
rails have been relaid with 45 lbs. material, and bridges have been likewi e 
strengthened to carry heavier rolling stock, which has had to be increased 
in weight and carrying capacity, and more powerful locomotives employed. 
All this has tended to decrease the cost of working expenses . The last 
:five years it having decreased from 66.I6d. to s8.8zd. per train mile 
equal to 8.34d., and from £748 to [532 per average mile of railway worked, 
equal to £zi 6. 

Regrading of the lines is also another ave1: of working expenses, 
and much has been done in this direction. ruling grades which were I in 
45 have been reduced to I in 6o and I in 65 , and I . in 6o to I in 8o, and 
at the present time are being reduced on the suburban line from I in 8o 
to I in IOO. This allows an increase in the load of trains with the same 
locomotive power and consequently reduces the number of trains and 
increases the value of the railway as an earning machine. The ·reduction 
of existing grades is all very fine and interesting and serves well to show 
how easy it is, when done, to reduce working expen es ; but what should 
be borne in mind when designing and laying out a new railway is the 
best possible grade to be obtained, and what the working costs of that 
grade are going to be. Especially so is this necessary where light rails 
and narrow gauge are being made use of. If the grades are high when 
the line is constructed and it afterwards beco mes necessary to reduce 
them to deal with the traffic, then money has to be spent , a all this 
work must be done while trains are running, which you can ea ily under­
stand means high prices . Given an easy grade to commence with , there 
will then not be so much necessity to relay with heavier permanent way 
or to use heavier engines. 

Among the improvements to locomotives is most noteworthy the 
Garratt type of engine, which is so constructed that it is capable of ne­
gotiating sharp curves with ease, has a very large proportion of its wheels 
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effective, making it possible to have a big tractive force on a light rail ; 
and last, hut not least, a grate of greater width and thereby 1eclucing 
the len!!th. 

Among the minor improvements to the permanent way, in addition 
to laying with heavier rails and sleepers, is the introduction some nine 
or ten years ago of the spring frog crossing. This gives a continuous 
rail for the main line and makes, in addition to smoother running, a 
considerable saving in wear and tear. Another improvement is the 
putting in of short point blades into the K crossing of double compounds 
where worked by interlocking levers. This system, which has been in 
use some seven or eight years, also ensures smoother running and saves 
wear and tear, but the greater security of trains passing over same is 
of far more importance . These switches are operated in connection with 
the main switches of the compound. · 

I would here point out the wise proceeding of each of the two timber 
companies who constructed the first railways in the State adopting the 
same gauge, and then the Government also following suit, as since the 
extension of the State lines the two timber lines have been connected 
thereto, which has enabled the rolling stock to run right through. 

Had the whole of Australia adopted the same policy and followed 
one gauge what a lot of trouble and inconvenience would have been 
saved and later on expense, as ultimately I hope to see one gauge only 
on this Continent or at least not more than two-as instead of the State 
of ~Testern Australia laying a second gauge from Kalgoorlie to our western 
coast the money could have been spent in duplicating the existing line 
for that portion, and the public getting the advantage of shorter time 
in travelling between East and West. 

In speaking of our present gauge, where the average speed is 25 miles 
per hour: with 8o lbs. rails and proportionally heavier sleepers and better 
class of ballast, with improvements in the curvature and grades on a 
double line, the average speed might well be brought to 32 or 35 miles 
per hour. Such a service would be equal to if not better than any long 
distance one in Australia. 

It must be apparent that although we have in this State a gauge 
of only 3' 6", that a very useful railway has resulted, the coaching stock 
is very little narrower than that of the 4' 8!'' or 5' 3" gauge in operation 
in the Eastern States, and it is no doubt very suitable to a young colony 
which is struggling to get its lands and productions developed with the 
minimum of cost. 

The late Mr. J. F . Thallon, Commissioner of Railways in Queensland, 
was very enthusiastic in regard to the 3' 6" gauge as a medium for de­
veloping a new country, and to express his views I cannot do better 
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than to quote from his report to the Queensland Government after hi 
tour through Canada, Great Britain and outh Africa in rgo8, the fol­
lowing :- " The developments of the 3' 6" gauge on all the railways 
in outh Africa are truly marvellous, and as that gauge is more flexible, 
and costs much less to install in mountainous country such as we have 
between Brisbane and Sydney, I think Queensland was well advi eel in 
adopting it in the first instance." 

I would here invite any member to read a paper on the advantages 
that would accrue by adopting any gauge either in this . tate or for the 
whole of Australia. 

There is another railway, which is in its embryo state at present 
but which will interest us very shortly, .and that is the Trans-Continental 
line, which will be constructed by the Federal Government, from Kalgoorlie 
to the Eastern border of the tate, to connect to Port Augusta, in South 
Australia. It is provided to build this line on 4' 8~" gauge, and I under­
stand it is the intention of the State Government to build a line of a 
similar gauge from Kalgoorlie to Perth and Fremantle. We do not know 
whether the route has yet been decided upon, but it is hoped that it 
will be one which will give the best grade and not be undulatory- that 
is to ay, the load will not be dragged ~o the top of a l~il~ and then dropped 
down again over the other Side to n e agam m gammg the summit of 
our Range. There is likely to be much controversy over its location 
around and between Perth and Fremantle, and it is to be hop d that 
any member of this I~1s~itution who. has thought about this matter \\'ill 
be ready to express h1s Idea e1ther m a paper to be read at one of our 
meetings or any way he may thmk best, as I am sure the Government 
would welcome any suggestion from which a atisfactory scheme could 
be worked out. 

Before I conclude I would like to follow in the footsteps of my im­
mediate predece sor, Mr. Past-President Leslie, and say a few words in 
reference to the education and training of engineers. The subject ha 
undergone a vast amount of consideration and argument in Great Britain 
of late years , and only last June a conference took place at the Institution 
of Civil Engineer , London, when such eminent men as ir John WoHe 
Barry and Mr. Alex. iemens, the then President of that Institution, took 
part in the discus ion , the results of which wa the following proposal. 
which was not moved as a re olution :--(r) That the Council of the In­
stitution be desired to use its influence in any way deemed practicable 
to secure a continuity of study between those public schools where the 
elements of cience are taught, and the univer. ities and technical colleges 
so that pupils leaving such public schools may be suitably trained to 
follow at once a college course with advantage, so that, as it were, the 
college course may begin where the school training finishes ; (z) that 
with a view to facilitate the above, a closer connection behreen the masters 
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who teach cience in public schools and the Institution of Civil Engineers 
i desirable ; (3) that the Council of the Institution should endeavour 
to induce the universities and technical colleges to ado1 t such terms of 
study, say, six months during the winter, that the sandwich system can 
be adopted, if desired, which is not possible with the terms now customary; 
and (4) that it is de irable that the Council should endeavour to produce 
so me co-o rdination between the colleges and the employ rs by making 
a systematic inquiry fro m the employer as to the conditions under which 
exceptional students properly qualified may be able to get practical 
training for a period of, ay, 24 to 36 months on the sandwich or any 
other system when vacancies in such establishments occur. 

You will see it was plainly laid down at that conference that pract ical 
training mu t be given in conju nction with theoretical training, and the 
weight of evidence showed that it was better to give the pupil the practical 
portion sandwiched wit h the theoretical-assuming t hat he had been 
well grou nded in mathemat ics, t rigonometry, chemistry, etc., before he 
left scho I. 

Gentlemen, I have much pleasure in opening the third es ion of 
our Western Australian Institution of Engineers, and trust that we hall 
have a good and successful year. 
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Co~ . IDEHEO IN I( ECARD TO ITS :\ PPROAClTES TliROllCIT PERTH A~D 

FREM.\NTLE T Co KBURN • ou ' D. 

(By ]AlliES LEO TARD .) 

I have chosen as the subject of the paper, I now have the honor of 
reading before the Institution, a matter of practical interest of to-day 
so far as our tate of \V .. is concerned. Vole have passed the border­
land of ephemeral reports, and have now to face the materiali tic con­
sideration of this Federal Railway, in its dual aspect; which pertain , 
first, to the purely Federal view, regarding it as an arm of defence, as 
emphasised by Lord Kitchener a f w years ago ; and secondly as a om­
mercial railway, on which its future as a paying proposition must depend. 
There is rea on for grave consideration in this second direction. peak­
ing as an Engineer I wish to avoid trenching on political ground a much 
as pos. ible. Our busine is to carry out instructions, but I feel ure 
that engineer will agree with me, that we need not sink the hip in triving 
to carr ' out our instruction . 

A. regard Fr mantle, that Port (the future Brindisi of ,\ u tralia,) 
might receive otherwi e meritorious treatment, if it d served it. Fre­
mantle has spoken, thr ugh its Port and ivic authorities, in unmi takable 
t rm n this matter. The extension of the ommercial Harbor of 
Fr mantle must corn up the ri er. Those ob tructive, out-of-date 
bridges, mu t om cl wn and out f the fairway. It i a matter of 
congratulation, that, even at this late hour, the Port and the ity of 
Perth, have arri,·ed at o happy a consummation of feeling in their mutual 
int rest . 

The planning of modern cities ha only lately been added to the burden 
of accomplishment of the zoth entury engineer, who is usually not 
er dited with mu h superfluous poss ssion of the aesthetic sen e. At 
first blush, this seems om what a harsh remark to add color to; but, 
when we look around lhe gloriou monuments of architecture that anci nt 
citi s abound in, and claim that th ir archit ts were also ngine rs, 
we simply focus th mind on a plane of differentiation, leaving to our 
architects their well-d s rved honors for their r ati.ve sense of artistic 
beautie , while w , of gro ser m uld- practical engin ers of the pick 
and shov 1, are humbly content with our share of the commercial common 
sen e, lhe hu in s of the people. 

this paper may be seen at the Room' of the 



ON THE TRA~S-AUSTRALIAN FEDERAL RAILWAY. II 

Our Australian cities are comparatively of mere mushroom growth, 
but in their evolution we ~ee the making of Australia, the youngest of 
the white nations of the great British Empire. ln this respect of pre­
conceived design, our Federal apital to be, has bad every advantage 
over the tate Capital cities, Brisbane, Sydney, Melbourn ., _ delaide and 
our own Perth , which though the youngest of the group, mav by virtue 
of her geographical position lay claim to some degree of })l-e-eminence. 
Our State's march of progress !1as attracted the attention of the world 
ove < seas, and this F ederal R?jlway of Australia will replace with bands 
of steel the so-called crimson threads of kinship among our own . tatc. 

In regard to the engineering features of the origin and gro wth of 
Perth, I cannot do better than refer members to the able and informative 
address by our fir t President , Mr. ] ames Thompson, at the inaugural 
opening of our \Vestern Australian Institution of Engineers, on March 
31, rgio. My paper is chiefly concerned with the Railway environ­
ment of our City and Port, to which I must now confine my remarks, 
with inany apologies for the pre-ambulatory introduction. I feel that 
I cannot do better than plunge into the middle of thing , leaving all 
matters of controversy to a future time, vvhen, m taphorically speaking, 
I can imagine myself being trodden on by wild horses. 

I have cho en as the point where the alignment enters the city, the 
road lFel of the Mt. Lawley subway with the Eastern Goldfields ub­
urban Railway pa ing above it. This point will be the zero or oo in re­
ference to dimen ions of length. All R.Ls. (reduced levels) are taken 
from the contour plan, and have reference to dimensions of height above 
the zero of th Fremantle Tide Gauge, which is the State's Ordnance 
Datum for sea level. Mount Lawley subway is at R.L. 47, vvhich for 
practical purposes, I have fixed as the rail level of the Federal Railway 
entering the city. The bottom of girder flange carrying the Eastern 
Goldfields Railway, is at R.L. 62. This allows fully IS ft. of head clear­
ance for the Federal Railway to pass under. The width of Mt. Lawley 
subway between abutments , which are on the skew, is 29ft. 9 in., so that 
there is room for a double line of 4 ft. 8t in. gauge to pass through. The 
Board of Trade regulations allow I4 ft. 6 in. for head clearance, and 24 ft. 
4 in. for side clearance, in Great Britain. The German Railways allow 
IS ft. 9 in. for head clearance, and 24 ft. 6 in. for side clearance. The 
French Railways allow I4 ft. fo r head clearance and 26 ft. for side clear­
ance. These are all on the 4 ft. 8} in. gauge, double line. It should be 
noted that I have provided for a double line right through the city. 
This should be the rule right through the retropolis from Midland ] unc­
tion to Fremantle, and thence to Cockburn Sound, the naval base of 
W .A. In the matter of head clearance, in passing under or over all 
objective points, I have fixed I8 ft. from rail level to rail or road level 
as the limit of clearance. This provides fully IS ft. of girder-bottom_ 
flange clearance plus 3 ft. of girder depth of web to upper rail level 
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The effective depth of girder is ample, though of cour e girders of 5 to 6 
ft. depth may be used for extra strength and parapet divi ions. In every 
case, on the propo ed alignment, it will be seen that the minimum cover 
cap for clearance and strength, is either available, or can easily be made 
so. 

While on these technical, though all important trivialities, I take the 
opp rtunity of stating that wh re the proposed alignment is on the street, 
its centre line is mathematically along the centre line of that street. 
The reason for thi i as follows :- Our street are mo tly 66 ft. wide 
from building line to l uilding line. If we take a central strip of 24 ft. 
for the minimum of railway formation, as masonry revetment in either 
cut or fill, or as piers for elevated railway, we have left a width of about 
20 ft. on each side of the Railway for a roadway between building line 
and railway parapet. The kerb footpath would need to come out, 
and the roadway made right acros between building line and Rail­
way parapet; so that on each side of the railway there would 
be sufficient room for road traffic, with suitable ubway or overway 
crossing at short intervals along the Federal H.ail"·ay. The guiding 
feature of thi clas of railway location have been clo ely studied in the 
s lection of alignment, grade, and curvatur in this matter. It is a pity 
that we hav not wider streets to engineer in , but the objection is not a 
fatal one. \V have a double line of tramway cum-r adway in Hay-
treet, which was pronoun ed le~ally not to be a " street " at all. The 

same remark may apply to Fremantle High. treet. 

We musl now ra]Jirlly trav r. ' the alignment. Leaving :Mt. Lawley 
subway the align men L foliO\\ s along th old uilclford l~oacl, tak ing 
up, as befor aid, a minimum railwa formation wicHh of 24 ft., and 
provi ling a roadway of about 20 ft. on a h id of the rail\\'ay. The 
grad from oo to zoo i level. .\L 200, Park Road comes in from Mt. 
La\\·le\' on the \rest. Park l~oad would ha Ye acce s to ~It. La\\·ley exi ting 
railwa)· station on Ui north, but not across the Federal Hruhray Lo 
\\ L Parade on the outh. rt \\'OUI l also have an approach along the 
oltl ,uildfortl Hortd parallel to the rail\\'a~' on the we t. 

From 200 to 6oo th grade i. r in 3· At 6oo, Walcott-street comes 
into Old-Guildford road but does not cross it. Wal ott-street has two 
easy approaches, one northwards to Mt. Lawley railway station, and 
another outhwards along Old-Guildford road west of the Federal !\.ail­
way. From 6oo to 700 the grade is till r in 83 to the exi ting level of 
the Old-Guildford road. At \~ alcott- treet there i a curve, wruch 
hould have its radiu determined (within the limit of curvature) o 

that the secant of the curve should fall on Old-Guildford road, an easy 
matter to do, at that point. vVe should naturally close up an approach 
northwards from Oxford-street along the intrados of that curve on the 
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east roadway strip of Old-Guildford road, because there would be no 
place for t he approach to go to, the Mt. Lawley subway being altogether 
taken up by the Federal R ailway. 

From 700 to 936 the grade is r in 8o.6r. Oxford-street takes off on 
the west oE Old-Guildford road but does not cros it. The rail level here 
is 4 ft. above the road and Oxford-street has an approach southwards to 
1 01·wood-street. Masonry Parapets only needed. 

From 936 to 1275 the grade is still I in o.6r. Harold-street enters 
Norwood-street on a level crossing, the rail level there being 0-44 ft. 
above xisting road level. Divert the road traffic along both sides of the 
railway. Masonry parapets only needed here. 

From 1275 to r6so the grade is still I in 8o .6r. At I6so Cantle­
street crosses into Turner-street. The rail level here is q. o ft. above 
the road lev 1 which can furthe r be lowered, if needed, to provide ub­
way crossing under the railway with I ft. clearance. The Old-Guildford 
road on ea h side may be graded to this subway, up to which th railway 
would be masonr~' r vetment in filling from I275 i.o I650 ft. a length of 
375 ft. The subway would have a width of 50 ft. for the road traffic . 

From I65o to I9SO we reach where Broome-street cros e into Chap­
man-street. Here th railway would be elevated on piers still preserving 
the grade of I in 8o.6r. Th . pan could b from 25 to 30 ft. a being 
the most economical. Between such spans under certain regulations, 
shop could be pia eel and a ource of revenue thus J rovided. Ele,·ated 
railway xo span of 25 ft. ro spans, ro shop . 

At Broome- hapman-street, the rail level i I3.5 ft. ab ve road. A 
subway at once uggest it elf to pr sen·e the r ight-of-way. Th level 
of ubwa would be lower cl o as to give head cl arance of r8 ft., and 
the road approaches grad cl accordingly. 

From Broome-Chapman-street . ubway the railway grade falls r in 
249.I from rgso to 3350. :\t 2,325 ft ., ~Iarlborou h-street on the east, 
no cro sing is n eded. ani the alignment cun e we tward with 20 chains 
radiu . This street ha ap] roach s northwards and southward on the 
east side of the railway. Befor reaching ~Iarlborough-street there 
w uld be 9 span of elevate l railway, where mor shop could be filted in , 
the road being graded accordingly . At 2,700 ft Lincoln-street comes in 
on the west. The pre ent terminus of the Lord-street tram-line (single) 
is on the outh building line of Lincoln-street on the Old-Guildford road 
Lincoln-street doe not cross the railwav, but is naturally diverted 
north"·ards along the ld-Guildford road parallel to the raih\1ay. 

From 2700 to 3350 at Wright-street th · railway, on i.h ea y ~rade 
of I in 254·5 and curvature of 20 chains radiu continues in easy cut and 
fill to R.L. 63, where rail 1 v l, is only I ft. above road level, whi h could 
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be closed or diverted but no level crossing permitted under any con­
sideration. Level crossings in a populous city are a positive nuisance, 
a menace to safe traffic for both rail and roadway, and a constant source 
of anxiety to the railway traffic authorities. 

From 3350 Wright-street to 3750 the centre of Padbury-street, the 
railway would run practically on street level, and only masonry parapets 
would be needed. From 3750 the railway still continues level, while 
the road grade falls, so that this bit would require about 7 ft . of revet­
ment in filling from 3750 to 4100, when the elevated railway in Padbury­
street would begin. The object is of course to keep the raihvay high 
enough in air, so as to clear tirling-street and Beaufort-street , to allow 
those two most important arteries of the city to pass underneath the 
railway with the limit of head clearance of r8 ft . 

From 4100 to 4500 along Padbury-street would be elevated railway 
on piers, r6 spans of 25 ft. each, where more shops could be placed. Rail 
level R.L. 63 on level grade. 

From 4500 to 4600, Sti rling-street would be cleared, providing a 
subway of 17 ft. head clearance for that mao-nificient street northwards, 
but unfortunately ending in a miserable " cul-de-sac " at present. 

From +6oo to 5050, still on a level grade at R.L. 63 would be elevated 
railway, r8 spans of 25 ft. each, where more shops could be placed. 

From soso to srso, still on a level grade at R.L. 63, Beaufort-street 
and its double line of tramway would be cleared. Here Brisbane-street 
would be entered. 

\fter crossing Beaufort-street it is necessary to bring the Railway to 
earth again on the centre line f Brisbane-street. From srso to 5870 
along Brisbane-street the d termining grade of r in go falls from R.L. 63 
to R.L. 55 , near the west building line of Lane-street, where earth is 
reached. 

From 5870, near the west building line of Lane-street R.L. 55 is the 
determining level, which may be continued absolutely level along Bris­
bane-street in easy out and fill for 3330 ft. for the railway station site. 
This could be well placed fairly in the middle of that length, with due 
regard to the approaches from the north as well as the south of the City. 
The railway station site would be between 5870 and groo. In this con­
nection the land resumption contemplated, if necessary, would be all that 
piece of land colored red on plan, bounded on the north by Bulwer-street, 
and on the east by Beaufort-street, on the south by Brisbane-street, and 
on the west by Fitzgerald-street, comprising an area of about so acres, 
and involving a cost of about £6s,ooo, based on the annual ratable value 
of improved land. The number of tenements would be about 300, neces­
sitating the shifting of a population of about r,2oo . This ought to afford 
an additional incentive to the philanthropic policy of " homes for the 
working clas es.' ' Though the cost of this lanrl resum!Jtion may s em 
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enormous, we may cut it down in another direction by at least 20 per 
cent., or £I3,000, as the value of the material of demolition, which would 
be readily saleable in these days of progress, or applied to fill up those 
unhealthy Chinese gardens in the very heart ot the city. 

From gioo to I0750 the railway would continue in cut and cover, 
still on the level grade at R.L. 55, and a curvature of 20 chains radius. 
We can hardly call this alignment a tunnel, but the high contours en­
countered serve admirably to find cap to pass the railway underneath 
the several streets that converge t here. 

First Cowle-street at g350, road level R.L. 65, rail level R.L. 55, in 
Io ft. of cut. Pass Cowle-street over the railway with IS ft. clearance, 
or close it up altogether. 

Second, the junction of Charles-street, Leeder-street at 9I75· Road 
level R.L. go, rail level R.L. 55· There is 35 ft . of difference providing 
ample clearance for tunnel cap. 

Third, under . Charles-street alignment at Io,ooo. Road level again 
R.L. go and rail level R.L. 55· There is again 35 ft. to provide clearance 
for tunnel cap. 

Fourth, and the most important, Newcastle-street whichcarries adouble 
line of tramway, and is therefore one of the chief arteries, east and west, 
of the city. Here at I0,525, the road and tram rail level is R.L. 6S, and 
the Federal rail level is R.L. 55 or I3 ft. lower. It is easy to find head 
clearance of IS ft . to bottom flange of girder, by raising Newcastle-street 
or we may grade the tunnel a foot or so below R.L. 55 at that point. 
Io difficulty at all . 

. fter emerging from cap and cover on the Charle -street alignment 
at I07 50, the Federal Railway has to negotiate the super-passage of our 
suburban railway, at the eastern extremity of the present \iVest Perth 
railway tation . The grades therefore again rises I in So providing sub­
way at rr,225 , Charles-street and John- treet with I7ft. head clearance. 
On this I in So grade from I0750 to rr225 the railway formation would be 
in revetment in filling . After Cl1arles-street and John-streets, the rail­
way still on I in So grade goes to Charles and J ames-streets, as elevated 
railway from rr225 to rr625, with ample head clearance of about 27 ft., 
and providing I4 spans of 25 ft . each for shops in between. After Charles 
and J ames-streets subway, the railway goes on to Charles and Roe­
street , stiLl on I in So grade, elevated rail ¥ay, providing subway of 32 ft. 
at Roe-street and I2 spans of 25 ft. each for shops in between J ames­
street and Roe-street at rrg75 . 

From rrg75 Roe-street, to get across our suburban railway the 
Federal Railway passes above it near t he eastern end of West Perth rail­
way station. t o t he south building line of Queensbury-street at I2200. 
The head clearance is expressed thus :-Existing suburban rail level 
at West Perth is R. L. 53· Proposed Federal Railway level in air is R.L. 
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71. Difference-IS ft. The super-passage would be on level grade at 
R.L. 7I, for a length of 225 ft. 

We are now making for the tunnel still with an eye to the objective 
points of street crossings. The determining grade of I in 8o now falls, 
but is still favorable. From I2200 to I2900 the alignment is not on any 
street, but is elevated railway over the houses on Government resumed 
land, until Marquis-street and Wellington-street crossing is reached, 
The elevated railway between would provide 26 spans of 25 ft. 
each for shops. Where the important crossing of Marquis and 
Wellington Streets comes in, the Federal Railway is I4 ft. above 
the road level there. Lower the treet crossing a couple of feet 
to provide the necessary head clearance for a proper subway there. 
Still on the falling grade of I in 8o after Wellington-Marquis-street 
subway, the Federal Railway touches earth again at I3200, before 
it enters the tunnel. After I3200 the next objective point is at I3350 
where George-street comes into Murray-street. At this point the contour 
level is R.L. 70, where the Federal rail level is R.L. 56.62, that is I3.38 
ft. under the road crossing. The alignment of the railway, it should be 
noted, keeps off George-street so as to avoid any unnecessary confli-ct 
with the storm water drain that runs under that street, by a very safe 
margin of IOO ft . to the west of that street, and con iderably above it in 
R.L. It is an easy matter to pass :Jtfurray-street over the Federal Rail­
way with I8 ft. head clearance, as the fall of the country there provides 
most favo rable contours. I have weighed these points most carefully, 
and have arrived at the conclusion that an engineer would not be justified 
in deviating in alignment to improve the ruling grade if I in 8o, with 
the tunnel approach looming up before him, and Hay-street yet to be 
passed . 

The tunnel face is r ache l at I36oo. From Murray-street super­
passage, the approach to the tunnel would be in open-cut revetment 
depth with an average of I6 It. 

From t~nnel face at I36oo, owing to the configuration of the con­
tours there, 1t seems to me reasonable to continue the I m 8o grade fal­
ling into the tunnel for a short distance, so as to pass under Hay-street 
and its double line of tramway with a sound cap. The drainage question 
ha also been con idered, and the tunnel has been graded so as to drain 
from its south or river ide tunnel face, northwards, and then into George­
street drain, where the levels would be most favorable for receiving the 
tunnel drain age to pass it into the river, both during the construction 
of the tunnel, and its permanent installation. These points are shown 
on the longitudinal section. The tunnel would have a length of z6so 
ft. from face to face , or about half a mile. Between Malcolm and Mount­
streets I have provided a tunnel station of 6oo ft. platform length, for 
the convenience of members of Parliament. This tunnel station will 
have a road approach also in tunnel along and under Mount-street of a 
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length of about 700 ft. which would be graded with a slight fall outwards 
for drainage purposes, and so that the approach would be very easy for 
motors, cabs and horses. At Malcolm-street end of the platform a lift 
has been provided for the special use of members of Parliament. These 
double approaches by road, tunnel and lift should serve fo r visitors to 
the beauties of King's Park, and are eminently suitable for ventilation 
purposes. The tunnel emerge. into Cliff Gallery on the west side of Cliff­
street, and an easy curve of 30 cli.ains radius guides the alignment along 
the approach to the bridge across the Narrows. From a careful inspec­
tion of the dip and strike of the sandy limestone strata alono- the King's 
Park cliff., the geological conditions are ideally perfect for tunnel con­
struction rapidly and cheaply, would be required to prove this state­
ment. The river tunnel face is at 16250, and at r6soo the cliff gallery 
begins at R.L. 6o. The grade of the tunnel is r in 300, which is within the 
limit of station requirements for trains to stand at the platform, without 
brakes on. 

Cliff Gallery from r65oo to r8r25 at Mounts Bay road abutment of 
the river bridge. This will be at R.L. 6o on a perfectly level grade. 
Built on light graceful lines of strengh in re-inforced concrete in spans of 
about 30 ft ., the structure could be made aesthetically chaste-a poet's 
dream in Arabesque tracery-so as to relieve the dull olive sombre aspect 
of that beauty spot, as seen from Perth waters. 

The Narrows bridge from r8125 to 18225, I span of roo it. and 3 
spans of 200 ft . each. From a study of the nature of the borings fo r 
foundation of piers, I am gladly forced to the conclusion that it would 
be better to put the 3 spans of 200 ft. into I span of 6oo ft., which would 
cost a little more money. There would be no trouble in finding safe 
foundations. for the piers to carry the superstructure at a depth of ro 
to 15 ft. below the river bed, and in making these foundations absolutely 
sa(e . The headway provided would be fully 37 ft . above L.W.M. or 
ordinary spring tide, and 35 ft. above H.W.M. This would be ample for 
such pleasure craft as the Zephyr and Westralian, or even for the type 
of steamer that cruises about the pleasure resorts of Sydney's beautiful 
Harbor. The type of bridge I propose, is familiar to engineers. The 
upper or compression booms would carry a double line of rails at R.L. 6o. 
The lower or tension booms vvould carry at R.L. 40, or 20 ft. lower under­
neath the railway, a double line of tramway cum-roadway and side­
walks. The width of the bridge would not need to be more than 26 ft. 
or such a width as close economic design would admit of in composite 
lattice girder construction. The lattice type is suggested as lending itself 
to graceful light construction, combined with great strength, and so as 
to offer the least area of surface to wind pressure. At Mounts Bay Road 
provision is there to pass this road under the bridge, while at the same 
time a branch takes off from the road and climbs in easy grade of I in 
40 to R.L. 40, at which level it enters the Narrows Bridge with a double 
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line of tramway and roadway combined. The south approach of the 
bridge does not go to terra firma of South Perth, but along the foreshore, 
on the west of that ideal suburb, where we have the beautiful Zoological 
Gardens, with which should be incorporated the future Botanical Gardens. 
Foreshore reclamation works for South Perth, badly needed, could be · 
cheaply provided the debris of tunnel excavation, supplemented where 
necessary by dredging operation along the foreshore. There would be 
room for baths, regatta clubs " et hoc genus omne," all a source of profit­
able revenue. At Frenchman's Bay glorious visions of wealth in river­
borne traffic suggest themselves-the Wapping Old Stairs of London. 
But all this is beyond the scope of this paper, which must stop after the 
Narrows have been bridged. From there the railway alignment to Fre­
mantle is a clear business. The land has been acquired, a good route 
surveyed, and everything preparatory to salvation has been done. The 
estimate subjoined, chedule A. and B. provides only for work to be carried 
out from oo at Mt. Lawley subway to I88zs end of bridge across Narrows. 

I had intended to say a few words about the estimate in regard to 
the rates adopted, but this matter had better be left for future discus­
sion. My estimate has considered the fact that labor charges have ad­
vanced fully zo per cent. within the last few years and that there has 
been a corresponding rise in the price of material in all casE's. Still the 
estimate will be found to be within fairly safe limits on the high side. 
Any room for economy must be looked for in structural design, and the 
strict limitation of requirements with a view to later expansion. It is 
impossible for me to say within a few thou ands what such a scheme is 
o-oing to cost. considering the short time I have had to devote to this 
matter in some undetermined factors . Here the words of the immortal 

hakespeare , sparkling with appropriate metaphor and engineering 
advice, should apply forcibly to our present position of perplexity or 
uncertanty in this matte r. 

" When we mean to build, 
We first survey the site, then draw the model, 
And when we see the figure of the house, 
Then must we rate the cost of the erection, 
Which, if we find , outweigh ability, 
What do we then, but draw anew the model 
In few r offices, or at least, desist 
To build at all." 

In conclusion I have to express my best thanks to Mr. J ames Thomp'­
son, Engineer-in-chief of W.A., and to several of his officers for their 
kin cl assistance, without pleclging then~selves to the case. I am also 
inclehtec1 to my friend Mr. G. T. Poole, who ha. always taken a keen 
interest in the city planning of Perth from the engineering as well a 
from the aesthetic standpoint. Let us hope that all efforts in this direction 
may soon come to fruition . 
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SCHEDULE A. 

APPROXIMAT!£ ESTIMAT!l. 

Double line 4 ft. 8~ inch gauge . Length r8,82s ft. =3 ·s6 miles-3m. 4Scb. 23 lks , 

Chainage Length Rate. U ni t. Estimate 
From. To. Feet. Particulars of Formation. £ Z £ 

oo 700 700 Revetment in cut. Average ht. 3 ft. 3 2, roo 
700 1,275 575 Masonry parapet only 3ft. high 075 431 

1,27S 1,62S 350 Revelment in fill, avg. 7~ ft 7·5 2,625 
r,625 1,675 so Cant le-Turn er St. subway 12 6oo 
r,67S 1,92S 2SO Ele,·ated railway on piers, 12ft. 12 3,000 
1,925 I,97S 50 Chapman- Broome sr. subway 12 6oo 
I, S7S 2, 200 22S E levated rai lway on piers 10ft. 10 2,2so 
2,200 2,700 soo Revelment in fill 6ft. 6 3,000 
2,700 3,3so 650 Revetment in cut 3 ft. 3 1, 9s o 
3,350 3.7SO 400 Masonry parapet on ly 3ft. 0·75 300 
3,750 4, 100 3 )0 Revetment in fill 5ft . 5 1,7so 
4,roo 4,500 400 Elevated railway on piers 12ft. 12 4,8oo 
4,soo 4 ,6oo roo Shirley-st. sub way 12 r,2oo 
4,6oo s.oso 4SO E levated railway on piers 12 E 5,400 
s.oso s. rso l OO Beaufort-st. tramway sul.nvay !2 0 I ,200 
s.r5o 5,400 2so E l ev>~.t ed railway average rs ft. . rs 0 3.7so 
5,400 s,87o 470 Revetment in fill avg. S ft . S !:.. 2,350 
s .870 9.100 3,230 Perth station site, cut and fill! X 3·330 X 

9,100 

9,525 

10,3 1)0 

10,425 
10,525 

. 11,200 
!! ,250 
rr, 6oo 
rr,6so 
r 1,9so 
12, 000 

12,200 
12,850 
12,950 
13 ,200 

13,325 
13,375 
13,600 

16,z5o 
r8, 125 

10,300 

I 1,200 
11 .250 
11 ,6oo 
11, 650 
r r,9r;o 
12,000 
12,200 

12,850 
12,950 
13, 200 
IJ, )25 
I3, 37S 
13,600 
r6,2so 

77S 

12S 
lOO 
675 

so 
3SO 
so 

300 
so 

200 

lOO 
2SO 
12S 
so 

2 SS 
2,6so 

r8,12S 1,87S 
r8,825 700 

600 X S-I8S ,OOO C. yds . ... ... 1/6 
For stat ion bu ilding and sheds allow .. . 
Land resu mption in red, on ratab le value 

Revetment in cut to tunnel face, average 
height ro ft. ro 

Cap and cover tunnel under Charles-st . 
Leeder-st., 20 ft. 

Revetment in cu t ave rage, 22~ ft. 
Newcastle- st. tram subway 
'Revetmenr in fill, 7~ ft. 
Charles-John -st. subway 
E levated rai l way 
Charl es-J ames- t. subway 
Elevated railway 
Charles-Roe-st. subway ... 
E levated railway over W est Perth subur-

ban railway and Queensberry-st. 
Elevated railway to Marquis.st. 
M:arq uis-Wellin gton-s t. subway 
Revetment in cut hei gh t, 8 fr. 
Revet ment in fill to tunne l a pp., 8 ft. . .. 
Murray. George super-passage 
Revelment in cut to tunnel face 
The tunnel for double line 
The tunnel station, approaches, lift and 

and power, allow 
The cliff ga llery 
The Narrows Bridge 

20 
22 '5 
12 

12 
12 
!2 
!2 
!2 

!2 
12 
! 2 
8 
8 

12 
18 
28 

30 
70 

T otal length 18,825 ft. total of form ation. 

c. yd. 

0 
0 

I:; 

20,000 
6.) ,000 

I 5,500 
21l,125 

1,200 
s,o63 

6oo 
4,200 

6oo 
3,6oo 

6oo 

2,400 
r, lloo 
1,200 

2,000 
r, ooo 

6oo 

47,000 
56,250 
49,000 

Add 3'56 miles of double line, 6o lb. rail, rails and fasten ings, sleepers, plate-laying 
and ballast. 
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SCH EDULE B. 

ABSTRA CT OF COST. 

Chainage Length . 
Feet. 
2,37S 
2,470 

97S 
3,07S 

6so 
so 

77S 
2,6so 

r,87s 
700 

3,230 

Total r8,82s 

Par t icul a rs o f Format ion. 
l~evetmen t in cut , includ in g parapet 
Revetment in fi ll , do 
Masonry parape ts only 
Elevated rai lway on piers 
9 subways so to roo ft. 
r super·passage, so ft. 
Cap and cover tunnel 
T unne l 
Tunnel station , approaches , lift and power 
The cliff gallery 
The !~<arrows Bridge 
Perth sta ti on site-forming 

Do. do.-land 
Do. do .-buil cl ings, e tc. 

Average. T ot:< \. 
Rate Unit. £ 

17"9 42,47 5 
6·4 IS,788 

IS/- 731 
12 37,200 
12 7,8oo 
12 6oo 
20 1),)00 
28 74,200 

47, 000 
30 s6,25o 
70 49,000 

r/6 c. yd. 13,875 
4 "3 6s,ooo 
20 20,000 

£44S,419 



THE CO RROSION OF IRON AND STEE L. * 

(Bv E. A. MANN .) 

The object of my remarks t o-night is not to take a general survey of 
the whole of the large fie ld ,,·hich the title of my paper indicate . That 
would be too large a ta. k, alike-fo r my powers and your patience. 

I wish rather more particularly t o bring before you some of t he results 
of the more recent researches in t his importan t fi eld and to show their 
bearing upon Engineering practice. 

It is t o be feared t hat in doing so I m ust, to some extent ask you to 
" lend m your ears " while I discourse as briefly as possible of certain 
chemical t heo ries. I know that to many people a chemical t heory is as 
much to be avoicle l as a new microbe, bu t while I will endeavor to cut 
it clown as mu ch as pos ible. a certain amount of t heory is unavoidable. 

Th re i a saying which ah,·ays a ppeals to me-" Seek to know why, 
for this teache · you how and when "-and while as practi cal engineers 
you are engaged continu ally in finding the practical solution of problems 
which arise in your daily ,,. rk , I feel sure t hat you also recognise· that a 
theory ,,·ill often serve as the master key which unlocks many door of 
difficulty, when sometimes t he secret of each separate lock cannot readily 
be found and that it is easier and wiser t o carry ll'ith yo u one master­
key rather than to have to carry a whole bu nch at your girdle. 

It is hardly necessary for me to remind you of t he eno rmous economic 
importance of the corro. ion of iron- yet a fe w figures may be par lon d. 
One write r give t he production of pig iron demand d by t he 11·orld's 
requirements (S e Illustration r) . 

If we cont inue t he curve as indicated by t he broken line in the figure 
in r gzo the annual producti on of pig iron will be roo million t ons corres­
ponding to a consumpti on of twice t hat weight of ore, and more im portant 
still, even if our . tore of iron ore will st and this drain wh at about the con­
sequent depl tion of our coal supplies ? If, as is t he case, about 4 tons 
of coal or the quivalent t hereof are used in extracting and preparing a 
~;ingle t on of steel from t he ore this is the most important factor to be 
; ·onsidered and it has been calculat ed that i f the C011S1Mnption co11tin11es 
to inc1'ease at its P1'e ent rate all t he coal seams t hat can l e worked under 
existing conditions will be used up in r so years. 

One of the most important ways by whi ch we can conserve our stores 
both of iron and steel lies undoubtedly in prolonging t he li fe of t ho. e iron 
articles already in use, by either protecting them again t corrosion or 
rendering the met al itself immune to the attacks of n atural forces. The 
study of corrosion i evidently th n one of prime import ance. 

*F or Dia gram s. etc., see en d of book 
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The chief result of this study in recent years h as been the advancement 
of what is known as the Electrolytic Theory of Corrosion. The name, 
however, should not lead you to confound this theory with the explana­
tion of the effects eau ed by the escape of high potential currents from 
mains, tramlines , etc., and to avoid such possible confusion it would be 
better perhaps to speak of the Electro-chemical Theory. 

As the very name implies this theory is not a purely chemical one but 
belongs rather to that wonderful modern development of Physical Chem­
istrv which almost amounts to a new science in itself and which has tended 
rapidly towards the breaking down of the previously existing dividing 
wall between the distinct sciences of chemistry and physics. 

I must ask you then to follow me as patiently as you can fo r a short 
time into some of the purlieus of this science so that I may show you 
how some of the modern in vestigators have attempted to answer the 
great "Why?" ''lhich I have already indicated to you. 

Dr SOCIATI0 . 1 THEORY . 

The theory of Electrolytic Dissociation states that when acids, bases, 
and salts are dissolved in water to form dilute solution thev break clown 
or dissociate into ions. Ions are at oms or groups of aton1s carrying in 
relation to their masses enormous charges of static electricity (Illustrations 
2, 3 and 4). 

The positive hydrogen ion is the distinctive characteristic of all 
acids in solution, just as the negative hydroxyl ion (O H) is the character­
istic of all ba es in solution. 

Water itself is dissociated to a small but perfectly defi nite extent into 
its ions H ydrogen (H ) and Hydroxyl (OH ). 

Every metal when placed in water tends to dissolve in the water i.e. 
to assume the ionic condition, but it can only thus pass from the atomic 
to the ionic condition if it can obtain the necessary charge of static elec­
tricity . If the solution is acid (Illust. 4) there will be present hydrogen 
ions, which will give up their charge to the metal and so enable it to go 
into solution. The hydrogen gives up its charge and in so doing passes 
into the atomic condition and m akes its escape fro m the solution as a gas. 

If there is a rush of hydrogen gas this will keep the surface clear, 
but if the action takes place slowly the hydrogen ions tend to polarise 
around the electrode and form a hindrance to further action. 

The important factor about the whole thing is the presence of free 
hydrogen ions which will enable the iron to be dissolved by giving up to 
it their static charge. There is thus engendered a flow of positive elec­
tricity from the met al to the solution. 
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Now it is quite obvious that if we could place in the solution a number 
of ions carrying a negative charge of electricity t hey would overpower 
and inhibit the action of the free Hydrogen ions by neutralising the positive 
charges they carry. Such negatively charged ions are t o be found in 
H ydroxyl ions, and this I will recall to your mind a little later. 

It must now be quite apparent that under circumstances such as I 
have just described t o you the iron would be corroded. But I want t o lay 
particular stress upon the fac t that this is not the same as being rusted. 
Corrosion is the first stage ; ru ting is the second. and much confusion 
will be avoided in reading techni cal books on the subject, if the distinc­
tion is always borne in mind. 

If oxygen be pre ent in the wat er the st ate oi t hings depicted in the 
diagram will be only tran. itory. The iron in solution will at once be 
oxidised and depo. ited as rust which is simply a mixture of H ydrated 
oxides of iron afterwards in many cases further changed to carbonat es. 
The hydrogen is the artillery which ope ns the engagement, the oxygen is 
the body of infantry supporting the attack . 

I wish to impress upo n you that the above is t he simplest and most 
elementary case pos. il le. In practi ce the que ti on is complicated by 
many circumst ances. 

r. The water i · not pure. but co ntains . alts in olut ion which act 
as exciters and accelerators of t he transfer of electricity . 

z. The iron is not pure, but has associated with it impurities e.g. 
Man·ganese phosphorus etc. which may be electronegative to 
iron and in t he presence of t he xisting agents descr ibed fo rm 
local galvanic couples whi ch multiply the points of attack. 
They are like an enfilading force which turns the fl ank of the 
defe nded position. 

3· The physical co ndition of the iron is not unifo rm-varying de­
grees of stress in various parts of the metal can be clearly shown 
to give rise to portions which are relatively antagonistic in t heir 
st ate of electric stress, so that one portion will be electrically 
positive towards another-while aft er corro ion has proceeded for 
a time t he polarity may be reversed. 

All these considerations complicate and exaggerate the effect, but 
what I want to impress upon you is that they are all only particular in­
stances of the one principle; they all have their origin in the one basic 
theory of electro-chemical action. 

o diverse a subject as the corro ion and preservation of iron could 
be encyclopedic if the attempt were made to take up every phase in detail. 
The protection of boiler tubes, of fencing wire , of ships' bottoms, or bridge 
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structures, of water mains may all present difierent problems from the 
practical point of view, and yet the same main principle can be applied 
to the consideration of each case. 

Before going on to the practical application of these theories to the 
preservation of iron, I want however, first to say a few word about one 
very beautiful form of proof which ha been devised by the American 
investigators. 

.i:<'ERROXYL. 

Cushman and Walker have devised a mixture which they call Ferroxyl. 
Thi consists of a Gelatine which is impregnat d with two olutions. 
One of the e is cha:1ged to a pink calor by the negatively charged1'ons such 
as Hydroxyl and the other develops a blue colour indicating the 
presence of po itively charged ion. 

I have ome actual experiments with Ferroxyl here for your inspection 
which I would like you to examine when the lights are re tared, but mean­
while I will first 1 roject on the creen one or two typical reproduction 
of the class of effect obs rved (Illu trations 5, 6, 7 and 8) 

H aving thus briefly li scus ed the eau es of corro ion I feel that you 
will rea onably expect me to say something as to its preventio n. I would 
like therefore to say a little on the question of preservation of iron . 

. on of the principal writers on the subject ha· said, this que tion 
has thr e clivi ions. 

r. The manufacture of a metal highly re istant to corrosion, e.g. 
Kutab Kinar-Delh i Column- so ft. high, r6 in ches diameter 
-a . eries of masses a h weighing about so lbs. welded togethe r 
912 B.C. Free from ru t, merely tarni heel. Al o old nail . 
(Illu tration~ 9 an.l ro ). 

z. The study of the passiv condition which iron is capable of as­
suming, and maintaining the surface in an nnobled condition . 

3· Th general subj et of protective coating or treatment . 

(r) It has already be n pointed out that under practical conditions the cor­
rosion which would be expected even in perfectly pure iron is greatly increased 
by the pre ence of impurities occurring in commercial samples of the 
met al. The galvanic couples thus formed act as accelerators of the trouble 
and spreading over the urface of the metal like odent ulcers will soon 
destroy it- :\1anganese and other normal constituents of iron may have 
this effect. Even mill scale (magnetic oxide of iron) adhering to the 
surface of the metal is electro-negative t o iron and unless fo rming a con­
tinuous coating, will greatly st imulate its corrosion. 
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ome attempts have recently been made therefore by preparing iron 
as chemically pure as possible to produce a metal which is incorrodible. 
Iron containing 99 ·95 per cent. of pure Fe, has been prepared and has 
been claimed to have largely solved the problem, but there is a great deal 
of contradictory evidence and this claim cannot yet be considered as 
proved. With all our modern scientific methods we have not been able 
to deliberately produce the qualities exhibited by some of the old hand­
worked specimens of iron, the Delhi Column and many other specimens 
of ancient and eastern workmanship. It has been suggested that per­
haps the very handworking of the metal removed from .the surface, mill 
scale and other impurities, or produced a state of electrical tension in the 
surface of the metal which itself served as a protector, or again that the 
use of sto ne anvils (a in India) caused the iron to be covered with a thin 
protective coating of silicide. 

We cann ot say fo r cert ain-perhaps these old workmen had a secret 
whi ch we cannot discover, but still more probably they " builded better 
than they kn w," and the explanation is yet to find . 

(z) The Passive condition of I ron. 

If pur iron be plunged into nitric acid it is " ennobled " or rendered 
" passive " It is no longer capable of precipitating other metals from 
solution, and i to a great extent immune from corro ive attack, while 
its metallic appearance is not visibly af-fected. Many other solut ions 
such as Chronic Acid, etc., a re capable of producing the same effect. 
The reason for this 1s not certain- everal theorie have been advanced 
but none are yet proven. That w·hich is most in favor is that by this 
means an invi ible protective layer of oxide is formed all over the urface 
of the metal. This, is however, hotly li pu ted and cann ot yet be accepted 
as final. 

The passivity of iron is however of great practical importance a the 
use of pigments containin the more insoluble Chromater, e.g. those of 
lead and zinc in paints applied to the surface of iron, promises to be a very 
valuable means of preservation, through the passivitv they produce in 
addition t o the mechanical protection afforded by the pigment coating. 

(3) Protective Coatings and T1'eatment . 

The application of protective coatings to metal work is at once the 
most obvious, oldest and most widely spread method of artificial protec­
tion employed. You are better acquainted with these through your 
practical daily experience than I am, and it would be impertinence in me 
to dilate upon them. I only wish to refer, therefore, to one or two of the 
more important, in so far as they illu trate the electro-chemical theory 
vvhich I have brought before you as the explanation of all corrosion. 



z6 E. A. MANN 

Galvanising must eas ily take first place. It is probable that more 
than half the zinc produced in the world is used as a protective coating 
of metal on iron or steel. The virtue of course depends upon the fact that 
the zine is strongly electro-positive to iron and therefore in any corrosive 
action which takes place the iron is saved at the expense of the zinc. 
Of course its protection cannot be perpetual as it suffers self destruction 
in its performance of its functions so that it is only a matter of time when, 
to make use of a common simile, the iron is reached over the dead body 
of its protector. 

It must also be remembered that its effectiveness depends upon the 
evenness and continuity of the zinc coating without which its protection 
will soo ner break down. Pinholes and inequalities in the coating will 
rapidly lead to the corrosion of the latter. 

The same points require attention in connection with the protection 
of iron with tin-of such importance in the huge modern tin plate industry. 
Though here they are even more necessary since tin is not electro-positive 
to iron and the coating therefore requires to be more perfect. An im­
portant application of this in practical life is connected with the preserva­
tion of tinned foods. 

I will show you presently a very delicate and interesting chemical 
method of showing how many imperfections can be disclosed in a piece 
of tin plate of apparently excellent quality. 

W ALKER 'S TEST. 

One of the most interesting proposals for the technical production of 
incorrodible iron is that to cover the metal with a protective coating of 
Magnetic Oxide of iron. This is the basis of the Bower-Bad Wells, and 
other similar processes, superheat ed steam and air. 

As I have already said the magnetic oxide (the same as Mill Scale) 
is electro-negative to iron- while therefore if the layer is made continuous 
(as can be done) it is very efficient , but if not it is a positive danger and 
acts as an accelerator of corrosion, so that this process is not applicable 
to iron which requires to be worked as the brittle coating of oxide then 
becomes broken exposing the iron to increased attack. 

I need hardly, I think, refer at all to ordinary coatings of paint of the 
many kinds which are applicable to iron work. Their name is legion, 
their advertisers are energetic-their values are as various as their names. 
Each has some value, the life of each is limited, to be determined only by 
trial under particular circumstances. 

The protection of iron from corrosion by means of electric currents 
must be scientifically sound, and is restricted only in its application by 
the circumstances of working. 
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If by means of the external application of an electric current a boiler, 
for instance can be converted into a negative pole, while an insulated rod 
of metal or other subst ance inserted into the boiler is made a positive pole 
- the boiler must be protected at the expense of the positive pole. This 
principle is, I believe, being successfully and increasingly appl ied. 

As distinct from methods of treating the iron itself to protect it there 
is also the question of treating the vehicle by means of which its corrosion 
is brought about. This is of importance in connection with two great 
sources of trouble-boiler corrosion, and that of pipes conveying water. 

This treatment of boiler water is so important that I could vVrite a 
paper on that alone. but I do not intend to deal with this , more particu­
larly to-night, but to pass on to what is really only another special ap­
plication of the same principle, namely the protection and preservation 
of water mains. 

CoNCLUS ION 

As far as I am aware none of the numerous publications on the cor­
rosion of iron refer to this matter at all, and as it is of special importance 
t o us in t his State, I will crave your permission to conclude my address 
to you t o-night by a reference to this matter. \iVhat I say on this subject 
is also applicable to boilers. 

I have already laid sufficient stress upon the important role played 
by water as a vehicle of those H ydrogen ions which are responsible for the 
primary attack upon the metal. I have also already suggested to you the 
possibility of counteracting the effect of these positively charged Hydro­
gen ions by introducing in to the solution an opposing force of negatively 
charged Hydroxyl ions. Such H ydroxyl ions are present in solutions 
of the Caustic Alkalis, alkaline earths, etc., of which group one of the most 
important and readily obtainable is lime. 

I will now refer briefly to a few points connected with the very im­
portant experiment based on this principle which is now proceeding in 
our own State. 

In 1903 the large Goldfields Water Supply 30 inch main, first supplied 
water to Kalgoorlie- in rgo8 the evidences of corrosion leading to internal 
" tuberculation " were so serious as to lead the Chief Engineer, Mr. Rey­
noldson , to make a special report on the effect which this might be up­
posed to have on the scheme as a whole, and caused him to revise the 
original estimate of the duration of life of the main. He was led t o the 
conclusion that in consequence of this the sinking fund would have to be 
materially increased. So important a matter was it that he estimated 
a further allotment of sinking fund would be required amounting to no 
less than £6o,ooo per annum, which could only be obviated if by some 
means the life of the main could be extended for five years beyond his re­
vised estimate. 
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I need not deal in detail with all the steps taken arising out of this 
report. A full account of the whole matter was publislied as a depart­
mental document in rgro, and is available for your perusal. 

?uffice it to say ~hat it was finally determined last year to commence 
treatmg the water on a large scale by adding to it quick lime at the No. 2 
Pumping Station . 

This treatment is ba ·ed on the principle I have already explained 
to you since the lime on going into solution will provide a defending force 
of Hydroxyl ions according to the theory described. 

In the mains supplying Perth from the Victoria Reservoir where 
also great trouble was experienced with internal corrosion, lime treatment 
has now been in force for r2 months and it is believed to be satisfactory 
though no definite reports are as yet available. 

The effect upon the large Coolgardie Main cannot yet be properly 
judged, the period of operation has been too short and the arrangements 
for applying the treatment to the best advantage are not yet complete, 
hut are awaitina the provi ion of a special large settling tank at No . 2 
Station. This experiment which I believe I am correct in saying is the 
only one of its kind, and at any rate is certainly the largest in existence, 
will be watched and its result awaited with unusual interest. 

It might be permitted me, however, to briefly refer to an experiment 
which was previously made to test this treatment on a practical scale, 
the result of which afiords the strongest grounds for believing that the 
1arger experiment will be successful. 

The 6 inch Norseman pipe, r 2 miles in length conveying the lVIun­
daring wate r from K algoorlie to Kanowna, which was laid in 1904, in 
rgog began to show serious signs of corrosion as indicated by perforations 
of the pipe from the interior. By treatment with lime this has been 
stopped. The history of this experiment can however be best shown 
you by the chronological tab le appended an rl by the curve given in 
illu tration rr. 

Ferro-Concrete.-On the above theory the steel in re-inforced con­
crete must be preserved by the lime ·in the cement used. 

I fear there is nothing le{t for me to do but to apologise for the tax 
which I have put upon your patience .. 

I have felt somewhat like an aviator t aking an aerial excursion over 
a w·ide spreading landscape . There have been so many advantageous 
spots on which to alight, which attracted by their special interest , that 
I have hardly known which to select lest having once lingered I might 
be tempted to stay too long, and so miss other localities of greater interest 
to you, if not t o myself. 
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If, therefore, I have merely skimmed over certain regions of the field 
and appeared to treat them ·with scant attention, the difficulty of properly 
controlling my Pegasus must be my excuse, and I can only e:x;press the hope 
that the inducement may at least have been offered to you to make a 
personal excursion into those places which we have had to pass by to 
night so that you may more extensively explore their recesses. 

Year. 

1904 
1905-7 

1908 

1909 

rgro 

r qn 

KANOWNA MAIN CHRONOLOGICAL SUMMARY. 

History. Perforations 

Augu t, Main laid 
'' ' ' • 0 . 0 •• • 0 • • ••• 0 ••• • • 0 •• • • • 0 •• 

October 27th Only I or 2 perforations to date ... . 
Rest of year, 7 per month . ... . .. . 

To March uth- 7 per month .... . .... . ..... . . . 
From March nth to June rsth- r8 per month . . . 
April and May-test peices inserted .... . .... . .. . 
May 2oth- Lime treatment commenced, 25 grains. 

to gallon. Complaints as to hardness and taste 
Horses refused to drink the water .. . ..... ... . . . 

May 29th- Lime reduced to r8 grains . . . . . .. . . . 
June 2nd-Lime reduced to r2t grains ........ . . 
June rsth to 30th ... . .. . ... . . . .. . .. . . .. .... . . 
July, August, Sept.- July 29th to Sept. 28th 

(Main Scraped in sections) 
October · . .. . .. . ... . . . . . . .. .................. . 
No vember .. .. .. .. ... .. ...... . ............... . 
Dece1nber .... .......... .. . . ....... ... .. . ... . 
January, February, March- February-test pieces 

inspected ... . ... . .. .... ... .. .. . ........... . 
March to October.-J uly r8th, lime discontinued . . 
November. ViTater treated with lime at No. 2 P. S. 

near Mundaring ; came through con­
taining about 5 to I grain free lime to 
the gallon . . ...... . ..... . .. .. . . .. . 

December .. . ...... . .. .. .. .. ... . .. . ... . ..... . 
January . . . . ..... ... ... . .. .. .... . .. . ..... . . . . 
January to November . . . . . . . . ...... . 
July I3th. Test pieces examined . ..... . 
November 25th. . . . .. . . · . 

2 

I4 
I7 
52 

2 
6 

IO 

4 
2 

5 
0 

I 

I 

2 

0 

See a lso diagramatic representation of the above in Illustration II. 
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DISCUSSION. 

MR. J. F. RAMSBOTHAM said the subject caused more though_t in 
England than in Western Australia, except perhaps for the Coolgardie 
pipe line. In England large railway companies and big dock companies 
spent an enormous amount of money, running into many millions every 
year, on the protection of iron in bridges, roofs and other structures. 
In Liverpool corrugated iron was worn out in twelve months. In Western 
Australia he had no doubt it lasted probably for twenty years without 
any effect at all . The reason to a great ext ent is the acids in the at­
mosphere. Week upon week in England there was nothing but dull 
days, practically very little sun and a good deal of wind and countless 
thousands of chimneys belching forth their smoke from chemical and 
other works, and that all told one long tale of corrosion. He remembered 
in Mr. Mann's paper he mentioned the protection of iron by lime mortar. 
They built a fairly large warehouse at Liverpool for tobacco, and it was 
built of cast iron columns, iron gid ers and joists, and brick arches and 
brick walls. Where the girders came on the walls you could see along 
the whole building (it was seven or eight stories) ; you could see in every 
storey a crack and a lift, which is t o be seen now, and from examination 
it was found that corrosion had gone on in the iron and lifted the entire 
building. I was assistant at the time. We were building alongside an­
other warehouse with thirty-six acres of floor , so it gives you an idea of 
the size of it, and in every case ~-here the girders and joists came in the 
wall there vvas a pocket made and they were cemented in. It ,.vas most 
carefully done and there has been no lift in the slightest degree. Further 
th an th at, we protected the shell. We were most careful in getting the 
mill-bloom off the girders and joists. As soon as the mill-bloom came ' 
off they were immediately coated with cement wash, and if necessary 
when we were going to concrete them in, if there were any signs of decay, 
they were removed again and cement washed again before being concreted 
in . Then I _aw another very interesting ex]Jeriment being carried out. 
which took about two years to watch the result. A bar of polished s_teel 
was concreted in- in size r z" x rz" and 4 feet lon&-·and thrown mto 
the river. Two years afterwards it was taken out and the concrete 
broken, and the steel was as bright as the clay it \·vas put in. I did not 
do that personally. I can only say from what I have seen of it. I carri~d 
out some other experiments in connection with some ferro-concrete, m 
pulling out some steel rods in concrete after two or three months. In 
some cases we did not remove the mill- bloom and in other cases we did, 
and we got very considerably stronger adhesive force where the mill .. 
bloom was removed, and I think in ferro-concrete work it ought to be a 
sine qua non that mill-bloom has to come off, and really the only way 
to get it off is the weather. There is not much rain out here, so probably 
it vvould mean washing it or something like that if you were anxious to 
hasten it. And that question of mill-bloom ap]Jli.es to painting, vvhich 
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should not be done unt il t he mill-bloom is removed. And then in con­
nection with some steel gates that I was connected vl'ith they were the 
first steel gates they ever had in Liverpool, and at present the only ones. 
They i<\>ere qr feet from cent re to centre and were very large, and the 
cost of protecting them was naturally very carefully gone into. On 
the outsides some patent paint was put on-very highly spoken of and 
supposed to be very efficient. I can only say that in a few months on 
the inside it came off, and within eighteen months the gat es had to be 
taken out and taken into dock, scraped and vaintecl again-not painted 
again, but tarred. Carefully cleaned and boiling thick gas tar was put 
on . We fo und from experience and consulting other people that that 
was really the best thing to do. The inside, however, which was more 
important than the outside to a great extent, because it would be clifftcult 
to treat afterwards if there is any decay--was coated with " \i\Tells-Dove " 
(?) - (I think that is the patentee's name)-a sort of bitumen, and was 
carefully clone in the first instance ; anrl I examined it mys~lf. cravvling 
through very small man-holes, from top to bottom, about eighteen months 
afterwards, and in countless places 1 kno..:ked the bottom off and the 
iron und erneath was absolutely perfect. You could not clo that on 
you r pipe line. but on a pair of gates you could clo it. On a pipe hne 
1 should say it would be impossible on account of the expense. 

MR. H. OLDHAM said Mr. Mann had referred in his paper, very con­
fiden tly, to the result of em t,eclding metal-steel or iron- in concrete, 
that as there was lime pn~sent there would be no corrosion There had 
been a good many experiments made anrl there had been perhaps one 
or two which might have shown that that was not always the case. He 
thought he was right, however, in saying that the consensus of opinion 
was that when metal is properly put into concrete it com es out bright 
whenever the concrete is broken . In any cas , I may say that my ex­
perience a_ regarrl s any ferro-concrete work which I have carried out 
and examined after has, in every case, led me to that conclusion. The 
Monier pipes, which were started here some six years ago, are very often 
cut fo r the purpose of j unctioning, and in every case where we open 
them up we fmd the steel is quite bright. althon17h, in the first instance, 
it may have been put in in a rusty conJition. As regards the question 
of mi ll-bloom, I think that is a most important point. My experience 
goes to ::;how that the best way to ensure good contact between the metal 
and the concrete i.s to put it in with a certain amount of rust on it. Of 
course, if the iron or metal is at all dirty or greasy there will not be good 
contact , but as far as my exverience goes, within reasonable limits, the 
rustier the better. As regards the Victoria reservoir pipe line, which was 
referred to by Mr. Mann, there has not been an opportunity to examine 
the test pieces, but there is one important factor which has become very 
clearly evident as regards the effect of the lime in that case, and that is 
this : that every year prior to the use of lime on that main there was 
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considerable trouble experience 1 through discolouration of the water. 
There was a good deal of research in counection with it . It was con­
sidered first that the early water coming into the reservoir would come 
in discoloured, perh"'..ps bringing some iron from portions ot the catchment, 
which ha a considerable amount of iron on the surface, and that perhans 
this got into the p~pes . It 11·as found that the discoloration effect in the 
reservoir had become very \\·ell settled and there is no doubt now that 
the trouble is due to the fact that the water attacked the pipe en route 
and brought in a certain amo'..1ut cf iron ru t. Since the lime treatment 
has b en put into use there ltas l1een not the slightest sign of this dis­
coloration . There is anotl er point whieh seems to me pertinent to this 
matter. H.ather recently the practice of putting a cement ,,·ash on the 
inside of pipes ha come into general use. I have seen pipes, notably 
one of the large mains conveying water into Sydney, coated in this way. 
The original coating \\'as tar-that is an asphalt mixture. This gave 
som troubl , ancl as there 11·ere two lin es of pipes it was possible in '"'inter 
to throw one out of commissi n to go through it, put steel brushes on 
to it, and cement '·'ash the \vhole surface. iow. after cement wac;h, 
from figures that I have recently received, the pipe is in first-class order. 
That proves Mr. Mann's statement that as long as there i. lime available 
there will not be rust. Neverthele_s, som other experiments in this 
Stat have sL011 n tko.t the c ment wash in some waters 1rill not suit. 
That to my minci does not disprove the theory. Tt proves the fact that 
there is some active agent in the 11·ater which neutrali,cs the lime very 
quickly. The cemer,t wash of course is pretty thin ancl there is not a 
very great deal of lime available. T am confi.cl nt. with Mr. !v[atm, that 
as long as there is lime available the corrosive action is preven1·ecl. 

MR. W. l.ESLIE said it wa true that the engineering profession 
owed a gr ·at deal to the hcmi t. They had enabled them now, with 
mixture of iron, to produce regular rail . I think, though, that Mr. 
Mann refers to this new theory as the electrolytic theory of corrosion. 
l per. onally do not think it is quite a ne\\" theory, in so far that I knew it 
twenty or twenty-five years ago. lt wa referred to as galvanic action. 
But if I a.m wrong Mr. Ma.nn vvill no doLtbt correct me. It wa first 
notic cl particularly in boilers and by experiment it was found that hy 
zinc plates about the boiler the attack o( the corrosion was transferred 
to the <.inc plate ; consequently, the st I boiler was saved at the expense 
of the <.inc. I know also in another· cJ.se of outside application some 
twenty-two or t\\'enty-three years a;so, \\·hen a steamer of the Castle 
line was launched. I think it .. vas the first steamer that went ,")ut of 
th yarcl 11 ith manganese bronz plates on the propeller. An 1 after 
the first voyage. when the ship came l ack, only being away about three 
months, and the ship was put into clock, it was found that there was a 
very great amount of corrosion going on in the stern post. ::-Jothing 
of the kind had ever been found to take ]Jlace \\"ith either steel or cast 
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iron plates, and at that t ime it was set clown to galvanic action having 
been set up through the manganese bronze plates. The old method was 
the zinc plates. The stern post was treatect in t he same way as the boilers, 
that is, studs 'vere inserteu in the post and zinc plates were bolted on, 
and at least I know for twelve months (I had no opportunity of seeing 
after twelve months) these ]Jlates wer regularly maintained and no 
further corrosion took place on the stern post. I \i"oulcl like, when Mr. 
Mann replies, if he woulcl tell u whether he thinks the new theory is the 
old one under a nev,· name. There is a goocl deal of it that is theoretical 
as yet, but I hope that the chemists will be able to go thoroughly into 
thi matter and be able to tell us, as engineers, some absolutely yositive 
way in which we can protect our structures after they are once erected . 
There is only one matter that I have marke l off here that Mr. I<.am both­
am refers to-I find that you tarted 1rith 25 grains to the gallon of lime. 
I ask if there is any fun ing tak s place in the pipe with such a large per­
centage of lime. I presume it 11·oulcl be possible that the lim might in 
a very short time very much reduc the carrying capacity of the pipe. 

MR . I. .-\ . H IDGWAY saicl he should like to kn011·, fir. th·, wh,· the 
paint mark that was pnt on plates after rolli ng, generally, he ·thougl1t, in 
whit lead, remained on much longer than any· other paint mark that is 
put on aft rwarcls. .1\ ny plate that is left exposed to the 11· ather will 
nearly ah1·ays carry this shop-mark p ut on when the plate i hot long 
after the plate has lost its mill-hloom . Then, secondly, ll'hether in a 
city there is any possibility of cast iron pipes or any otl! r fo rm of pipe 
being corroded by mean of arth cu rrent lue, say, to el ctri.c t ramways 
on the surface. He 1rould imagin e there is a possibility that one part 
of t he pipe, if it is cas t iron, might qecome a posit ive pole a.ncl the ot l1 er 
portion might become a negat ive pole, an l then presumably there woukl 
be some action et up, ll"ith the re Lll t that t he positive pole 1\·oul:l corrode 
away. Ancl, thirdly, l hould like to know whether bnrni hing has 
any effect in preventing corrosion. T he anthe r's reference to the Delhi 
colum n remind me of another solu tion, I have heard of, on good autho­
ritv, as to why the column ha· not corroded. Wh at I heard was t o 
the efiect t hat the nati ves, in co11nection with some religious ohservances, 
had to swarm up to the top of the column as best the~ · could, and the 
idea was that t he natives, who were themselves coverecl with oil , kept 
tl1e colum n well burnished . lt seem quite a po. ibl solu tion, even if 
rather a commonplace on . 

Mr:: . G. E . L AW said the author' remarks on the cause of corrosion 
of iron and steel were part icularly interesting in t hat fo r some year · past 
a goo l deal of his t ime has been t aken up in fighting against attacks 
made on the outside of the 30" teel main between .M:erredin and Kal-

. goorlie. On the outside of the pipes these onslaughts of rust are much 
more drasti c in th eir action th an is the case on the inside. The fact, 
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ho .vever, of the corrosion on the insi::le of the main being sprea:l over a 
much greater area than on the outside causes orre to take a more serious 
view of the former than the latter. On the outsi::le of the pipes it is not 
so muclt " pittings" such as are foun:i inside pipes and boilers-they 
might better be describe::l as scabs or bites as it were out of the steel, and 
again in places it has the appearance of being eaten away by white ants 
As the perished coating is scrape1 from the plates the workman strikes. 
a yellonish looking lump ani brings avvay a scab of ruste:i metal which is 
follo Ne::l by water un:ler p ressure. In other places I have seen the locking 
bar with a gap about r" wde taken clean out almost to the plates, as 
though a bite ha:l been taken out of it, an::l still free from rust close by; 
then again you may see a groove 3 or 4 feet lo ng of varying width and 
depth, as thou_,h eaten away by a grub as in timber. A large number 
of these extemal penetrations o~cur in groups measuring perhaps 6 feet 
lo .1g by z feet wi::le, where the plate has a number of patches perhaps 
almost throagi1. Lately an o::tagon steel bar has been foun::l laying 
a:sainst the pipe after ex:cavatio:J. having been there since the main was 
lai::l, i.e., fo: the past ten years. The bar, which looks as though it had 
o:1ce been rf' stuff, is no,v not more than f' in diameter in most places . 
. \. caulking tool was also foun:i under similar conditions. On this the 
rusting was most noticeable at the tempere::l eni, where a piece was rusted 
right away. When a pipe is once exposed it is necessary to scrape and 
examine it at once, otherwise the action of the oxygen in the air loosens 
these scabs of rust an:i they break loose at most inconvenient times. 
lnsde the pipe the 1 ittings are fairly regular and uniform from end to 
end, tlte only one reason for their absence or the reverse is the quality 
an~l uniformity of the coating with which the surface of the steel is covered. 
These fittings are roo(e:i over an ~l.protecte::l by the casing or no:iule of 
rust that completely covers each pitting and thereby protects the steel 
ho :n further chemical action, as it has been notice .-1 that when these 
:nall pittin~s arrive at a certain depth not more than f' they appear 

to stop, or if there is any further growth it is sdeways. As far as the 
30" main is concerne:i . not one authentic case of penetration coming 
from insde has been brought under my notice, although I am continually 
on the look out for them. The case of the outside corrosion, however, 
is entirely difierent, the coating originally put on the pipes having lost its 
]Jrotective qualities a.lmost from one end of the main to the other; The 
. teel is right up against the course o£ ~he trouble all the time, i.e., the 
moist clay and concrJomerate which contains a strong solution of salts. 
~1ost of the bad patches are found on the bottom plate, where the pipes 
are in contar:t with unmarle ground, yet again one occasionally comes 
across an isolated hole, the rest of the pipe being perfectly sound. There 
is evidence to show, however, that the hard carbon spots in the steel are 
especially very quickly acted upon hy the gas arising from this electro­
chemical action, the metal not being homogeneous as referred to by the 
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author. The life, of course, of a steel pipe buried in ground impregnated 
with salt is entirely dependent on its coating. If the coating in itself 
is not good or not well applied, or is allowed to perish. it favors the cor­
rosion rather than prevents it, as it hangs like a blanket round the pipe 
and retains any moisture there may be in its vicinity. I have frequently 
picked off the 30" main pieces of the perished coating, which is merely 
an ash, the particles of which are held together by flakes of rusted steel, 
which show that moisture has got in under the coating and set up rust. 
It is for this reason chiefly that I condemn hessian as a wrapping round 
pipes for, when the bituminous compound which is supposed to completely 
cover the bagging gets chipped off at any spot. the moisture impregnated 
with the salts of the surrounding soil creeps in and is held against the 
steel by the very means by \\'hich it is supposed to be protected and not 
only tha1, but it acts as a conveyor of moisture right along under the 
coating ; besides, the essential oil in the gas tar soon rots the hessian. 
Holes have broken through in pipes tbat have previously been exposed, 
scraped, tarred, hessianed and tarred twice again ancl the trenches refilled, 
after a lapse of three years. Although some fe\1' of the proprietary paints 
have proved themselves to be very durable on trials m a le \ri.th 1.hem on 
the 30" main, yet for this main, as it stands at present, the coating that 
is being used will be hard to beat, viz., tar ancl bitumen put on hot on 
clean steel in fine dry weather. By several of these application. a coating 
t" thick may be obtained, and wl1en it is found essential that the pipes 
must be 1mriecl again, as unfortunately is some1imes nece~sary, they 
must have seYeral coats, but without the bagging. Mannesman compound 
has been found to be a very good substi1.ute for bitumen, a good pro­
portion l.Jeing 5 lbs. of the latter to a gallon of tar. The follo\\ ing figures 
will give some idea of the results of external rust on the 30" main and the 
work done to combat it between Merredin and Kalgoorlie, a distance of 
zro miles. On the 30th June, rgog, 134 holes had penetrate 1 the plates, 
the next year accounted for rss, the following year ros, and for the 
twelve months just ended rzo, or a total of 51.-1- penetrations to date. 
The worst ground has been dug away from 17~ miles of main, ·the pipes 
being left exposed and nearly two miles opened up and trenches refilled. 
These pipes have been thoroughly scraped, examined, ancl re-coated and 
repair bands placed over indentations nearly through as well as \rherc 
the holes have occurred, the pipes b ing supported on jarrah blocks. 
In addition , almost all the joints in the bad ground haY been exposed 
and left open. This work is still in progress and "'ill be the means of 
saving considerably heavier expenditure at a later date. 

MR. W. A. WliLLER said, in explaining the corrosion of iron immersed 
in water Mr. Mann lays the whole blame on the free hydrogen ions con­
tained therein. These hydrogen ions he explains attack the metal by 
giving up the electric charges associated with them , thus forcing a ferrous 
ion into solution loaded with the electric charge. Now it appears to me 
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that this state of affairs could not go on very long before the water was 
saturat ed with all the ferrous ions it is capable of holding in solution, and 
the amou:rh of iron dissolved when a state of equilibrium is attained 
would b e of no practical importance unless there were some substance 
present to remove the ferrous ions from olution and thus make room 
for a further consignment of them. The substances most effective in 
removing t he ferrous ions are free acid s, and if any such acid be present 
a ferrous salt ·will be formed and a new lot of hydrogen ions will be liberat ed 
to continue their corroding action. Under such circumstances corrosion 
will, of course, go on indefinitely as long as any free acid i. present. Oxygen 
also is very efficient in disposing of ferrous ions and when it i present, 
as Mr. Mann has explained, rust is immediately pror1uced, and, generally 
speaking, it remains on the spot formin g by degrees the nodules with 
which most of us are familiar. I consider, tberefor , that hydrogen 
ions by themselves \\'Ould not do any great dam ag , but when aided and 
abetted by acid or o 'ygen the combin ation can d stroy iron ar/. lib . This 
conclusion, if correct, is of extreme practical importance, as it opens U]J 
two methods of preventing corrosion of iron immersed in water : one 
by removal of the hydrogen ions, and the other hy removal of free oxygen 
and acic1 from the water. The first method has he n applied with succe s 
to the TI\'e-inch steel main between Kalgoorlie and Kanowna, as described 
in Mr. Mann's paper, hut I consider the second method also is well worth 
bearing in mind. R egarding the ch ronological summary of the history 
of the Kanowna main , which was appended to Mr. Mann's paper, it 
may be of interest to m embers to know that two more perforations oc­
curred in Nov mber, rqrr, but from that elate up to the end of June of 
this year no further hol s h ave made t h ir appearance. If the corrosion 
of this main had continued to increase at t he rate obtaining prior to the 
commenecm ent of lime treatment of the vvater conveyed th rough it, it is 
highly 1 rohable t hat the main would have become unserviceable long before 
now. The lim treatment saved its life. Since the discontinu ance of 
the local lime treatment, however, the m ain is again corroding, but this 
corrosion is harcllv noticeable fo r more than about two miles from the 
start of the main, -and, as the absence of perforations indicates, is not as 
rapid as was formerly the case. P robably the fact that the water now , 
carried contains a small amount of free lime, which is added at No. 2 

Pumping tation, accounts {or the diminution in its corrosive p roperties. 
The us of protective coatings for preservin g iron and t ee] pipes from 
corro ion, lightly touched on by Mr. Mann, i. a sul1j ect that 1 ho]Je will 
provoke con id P- rable discussion, as there is so much a1Jparently contra­
dictory evidence regarding their relative values. Speaking of the usual 
pipe clip. of tar a nd pitch or tar and asphaltum, they a ppear to vary in 
lurability with the composi tion of the water in contact with them. They 
afford excellent protection to the metal beneath \\·hile they are intad 
but with .. ome waters the coating becomes perished an~I de velops a porous 
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structure which allows the water to reach the metal and corrosion then 
takes place. Doubtless the composition of the coating is of great im­
portance, but it is difficult to judge one without actual trial, ancl then 
it i t.oo late to reiect a clef ctive one. Some criterion, both chemical 
ancl physical, is required by \ 1hich the durability of a coating might be 
predicted . If this were available many of the troubles \vhich fall to the 
lot o( those engaged in th water supply busines would vani h. 

MR. MA~N, in reply, said Mr. Ramsbotham referred to the corrosion 
o( galvanised iron and it. varied period of life . I have no doubt that 
the atmospheric conditions in England are largely responsible for the 
cases he quoted, but \\·e also J1nc1 her a tremendous difference in the 
life of cl iff rent kinds of galvanised iron. Cases have been quoted of 
galvanised tacks that hav gone right through in less than twelve months, 
and it seems verv difficult indeed to find anv reason. But instances which 
I have known s~em to throw some light u{)on it. 1 have had brought to 
me from water tanks samples of deposit removed from th internal riclges 
of the corrugations and when examined this was found to be pure hydrate 
of ;.-.inc. They are extreme cases of the galvanic action and the electrolytic 
action accelerated in these particular cases by the zinc coating b ing poor. 
By means of the Walker test the poverty of the zinc covering would be at 
once cli closed. With regard to the cement protection of girrlers, I was 
interested to hear \\"hat Mr. l(amsbotham said about that and also the 
influence of mill· bloom. I would like to have known, in the cases \\·here 
he took care to lay these girders in cement, if it was protective. I presume 
they were found to b e protected by bedding in cement. That is a further 
confirmation that the alkaline nature of the bedding would serve as a 
prot ctor. Vilith the lim treatment. n. certain amount of furring up 
goe on in the pipes, but it need not be a seriou clifficulty. It can be 
minimised by having, fir. t of all, your lim e water w 11 ettlerl before you 
send it through the pipes. There is a good deal' of furring going on in 
the Coolgardie main because they haye not sufficient settling tank ac­
comJ:noclation, and it is hoperl to minimise tha.t and send the water into 
the pipes in practically a clear condition. The amount of furring \\·hich 
goe .. on is chiefly cle]Jendent on the amount of air in the 1 ipes. The car­
bonic acid gas in the dissolved air acts on the lime water and precipitates 
carbonate of lim on the interior of the pipe. There i. also a certain 
amount of furring through the preci1 itation of hydrate of magnesia from 
th water by means of the lime. It is like a gclatinou slur1g in the 
pipe and is very easily r moved . :\ny furring which takes place will 
therefore only continue through th pipe so long as there is carbonic acid 
dis ·olverl in the water which can precipitate the solution . . t the KanO\\ na 
main it only occurred along a certain length of the pipe and beyond that 
the lime water ran without deposit at all. \Vhen a pipe was tal en out 
and allowed to lry one could see just a faint white smudge over the surface 
of the iron. It thickness could not be measured 
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~IR. H.AMSBOTHAM: ls the furring a protection ? 

MR. MANN: r' o, not in these case where the carbonate of lime is 
formed by precipitation. It is very porous. In waters containing 
naturally a good deal of carbonate of lime you will get dense deposits 
of lime compounds on the pipe and there 1 think it is probably some 
protection . For instance, I think in a goou many cases in England 
tan cl there have been some cases also on the Goldfields here), where waters 
containing a fair amount of lime naturally present, especially as sulphate 
of lime, have formed a deposit on pipes, which has, perhaps, been a pro­
tection. It is hard to say whether it is due to the deposit of lime or the 
naturally alkaline condition of the water. 

JlR . RA ISBOT!IAM : Do th e pipes g t hot in the umm er at all ? 

MR. MA ~ : Yes, in many places. 1 should say in the Goldfields 
t hey must get very hot, on the surface of a track of dark red soil ,,·hen 
the pipe is mall in 1liameter. 

MR. H.AlV!SBOTHAM : There wonld b danger of expansion if you haYe 
this furring. 

MR. MAN1 : 1 think t he furring is not o adhesive as to cause uneven 
expansion. l\1r. Oldham referred to ea es (experiments of fer ro-concrete) 
which \rere not always successful, ancl l was glad to hear his exp rience 
in the matter. It is probable that some of those cases are like those 
quoted by Mr. R amsbotham, where the mill scale had not been properly 
removed. J was also intere t cl to hear about the Victoria Heservoir 
pipe main and naturally anxiou to hear how the pipe is going on. I 
would like to ask him if he has got any evid nee yet as to wheth er the 
lime is doing anything to maintain the full capacity of the pipe. Before 
the lime treatment was used it was found nece sary to scrape i.ll pipe 
about on e every seven years and th e tuberculation which was removed 
by the scraping was enormous. Of course, the scraping was necessitated 
by the diminution of the capacity of the pipe. l think that pipe has not 
been scraped for about three years now, ancl if so, and the lime i not 
proving of any benefit, there should be some evid nee now of diminished 
capacity . I 1\'ould like to know if Mr. Olclham can give u any evidence 
of increase or diminution of head clue to lih1e treai.m nt. \Ve are " ·atching 
the Coolgarclie main for that. 

MR. OLDHAM: The discoloration J referred to was un 1oubtedlv clue 
to fenic oxide in the pipe. " 

MR. MANN :. Yes, exactly, it is due to the breaking up of the tubercles. 
I showed a photograph of the interior of the Victoria main before it was 
scraped. I think the capacity of th pipe was diminished, about 5.5 % . 
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Mr. Oldham also referred to the value of cement wash on pipes in Sydney, 
but there is a good deal of evidence to show that the Sydney water is 
not nearly so corrosive as ours. Dr. Stokes, chemist for the water supply 
of Sydney, came over here on account of the lime treatment of the Cool­
gardie main to investigate on behalf of the Sydney Water Board, and has 
devoted a good deal of time to the subject. I have seen a copy of his 
report and , while he considers it is of value, he thinks that the corrosion 
in t he ydney waters is so much less than ours that it is not a matter 
that calls for treatment here. \iVhile he considers it is necessary here, 
it will not be necessary there, and its advantage would probably be out­
weighe l by the immense disadvantage, which must not be lost sight of, 
\v hich would be caused through adding lime to the water and increasing 
its hardness and so increasing the annual soap bill of the city. He figures 
out that something like £zs,ooo a year would be the extra soap bill of 
Sydney alone, caused by adding lime. Mr. Leslie has referred to the 
term " galvanic action," and asked if it is not the same as this electrolytic 
theory. It is in a way. Galvanic action, of course, derives its name 
from the original discoverer of the action-Galvani. The electrolytic 
theory to which I have referred shows it is not necessary always to have 
two metals in contact to cause this corrosion, and it is a very much larger 
question than merely galvanic action-the greater includes the less. 
The electrolytic theory will include galvanic action. There vere many 
others intances of corrosion which could not be satisfactorily explained, 
and it is the study of these which has given rise to these particular chemical 
the01ies. Although I did not refer to other and older theories of corrosion 
(which are still held by some), especially the carbonic acid theory, I 
should have said that it was only recently that these older the01ies which 
were held were displaced by the newer electrolytic theory, and in its 
fulness the electrolytic theory has practically been developed within 
seven years. P rotection must be adapted to the special case, an l it is 
exactly the same principle as has been so well illustrated in another 
paper real to you to-night. Though you may have general theories, 
your special application must be governed by the circumstances. I am 
afraid that I cannot answer Mr. Ridgway's first question satisfactorily. 
Why the marks stay on is probably due to the fact that the metal is 
cleaner and the mill scale has been detached, or it may even be due to 
the great heat acting in some way upon the white lead itself and making 
it adhere-burning it on. With regard to the destruction caused by 
leakage from tram lines in a city, I have pointed out in the introduction 
of my paper that I was not dealing with this . Of course, undoubtedly, 
there is a tremendous amount of damage done in that connection in the 
mode stated by Mr. Ridgway. There is one more capable of dealing 
with this particular matter and that is Mr. Hancock, who has had a 
great deal of expelience in it and vvho could leal with it much better 
than T could. There is a great deal of destruction caused in that way 
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and the main principles are just the same as in th e particular cases which 
l have tried to explain in detail. I do not know about burnishing, bnt 
it is probable that the xplanation of its effect is to be found in the answer 
to the question why does not " busy " iron rust ? Jt is generally supposed 
that the burni heel condition of such iron (e .g., railway tracks) prevents 
the lodgement o( ,,·ater, ,,·hich is nece sary to promote rusting. Burnishing 
woulcl also be a protection in those ea e wl1ere it removes the 1angerous 
electro negati vc mill scale or other adhesions to th surface of the metal 
- it may have considerabl ef·fect in that ,,·ay. But it is c rtain that a 
smooth surface C!oes not rust like a rough one, owing, most prohahly, 
to \Yater fai ling to find a lodgem ent. 1 \\·as interested to hear Mr. Law's 
r marks, which ,,·ere particnlarly in teresting. Of course, all those cases 
which he qnotes are typi al instances of electrolytic attack, a nd he has, 
I think \\'ell summarised whv the attack is so much \\'Or e on the outside 
in som~ respect.s than on th · inside . Those soils in which th pipe rest 
tend to form highly concentrated solution: comparative]\' with the,ra ter 
which is inside. The solutions are highly concentr ated and much more 
complex, an cl there is the clanger of lhe pres0.nce of vegetable acids . .-\11 
these ,,·i1l , no doubt, teml to increa e corrosion in the way he mentions. 
And the peculiar " ·orm like attack ,,·oulcl probably be caused by the 
following up of the impurities which a rc in the m etal . ' Vhy the corrosion 
should ~_Jroceec1 so much further from the outside than the inside is probal)ly 
clue to b\·o causes- one of them, of course, the greater concentration of 
the solutions outsirle ancl al o their being kept always in contact with the 
iron, because you must remember inside the water is fl owing all the t im e 
and not in close contact \\·ith one parti -ula r point, but outside the clay 
keeps a 1JOu1tice, as it \1 ere, alongside the iron all the tim e. It is possible that 
the corrosion outside may meet internal corroc:;ion and so eau e perforations 
in that way. T think ;\-fr. Law aiel he very seldom found an external 
corrosion was met by an internal corrosion . The corro. ion insi de seems 
to proceed to a. cl pth of about one-ei»·hth of an inch and then preads 
laterally. That i. probably clue to the alt ered polarity of the surface of 
t he plate caused by rolling, etc., ancl diffe rent states of elect rical tension 
in the surface of the metal as compared \lith the int rior. 'iVhen the 
corrosion reaches a certain depth the polarity is reversed. I quite agree 
with what Mr. 'Veller has aid , except when he says th at the ferro us ions 
would be removed by free acids. He is p rfectly right about the oxygen 
sen·ing to preci1 1itate the iron aft r it has heen taken into oluti on. lt 
is the secondary action of the oxygen which form . the actu al tubercles, 
and therefore I have distinguished between corroding and rusting. The 
corrod ing is the primary attack and the rust is the effed of the oxygen 
leading to the fo rm ation of tubercles. /\ committee of English experts 
considered this matter a nd reported on the Cologardie ,nain, and the full 
report and discussion is containe l in the offrcial publication I have already 
referre 1 to. They recommend de-aeration. It is simply a question as 
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to whether it would pay to do it, because it practically meant remoYing 
the oxygen from the water. It \\·ould mean keeping th whole of the 
water under a vacuum and it would have to pa s through the receiving 
tanks and through t he main without coming in contact with air. The 
experts at home proposed a sp cial means of trying to do that which, 
I think, would be accompaniecl by great practical difflculties and those 
difficulties when reconsidered by the Departmental committee here led 
them to recommend t hat it should not be put into force until after the 
lime treatment by itself had been proved to b ineffectual. I am glad to 
know what Mr. \~Teller has aid about the Kanowna main. I know there 
is a little corrosion going on n ow, but I point ed out that it is probably 
clue to the fact that the Kano\\'na main is now onl:f getting the residual 
alkalinit y \\'hich reache i t from the Coolgarclie main . It is only having 
from .5 t o I grain. There is very little li me going into the Kanm ·na 
main at the present time and if that were increased the slight corrosion 
going on at t he presen t tim e would probably b st oppec1. With regard 
to the life of protective coatings--that is a big question . In tl1e tars 
which fo rm the basis of many of t hese protective coatings are products 
of uncertain and irregul ar compo. ition. " ' e do not know quite what 
their composition is, t hey vary so m uch-one tar is not the same as another 
one. T hey are so varying t hat probably the diverse results \\'hich have 
been obtained are clue to t hat eau e, so t hat i t is almost impossible to 
generalis . Different metho~ls of preparing tar coatings have been tried ; 
that is wh y I am afraid where you have compositions of such uncertain 
character as t hese it is impossible to lay down a definite line of t reatment 
which can be em ployed in all ea e., and I think t hat is a matter (as to 
whi ch is t he best kind of coating) \\'l tich can only be settled by actu al 
experim ent. E ven the b <"st coating h as b een sho wn over and over again 
to have only a limited life. I think some American engineers have stated 
t hat even t he l1est coating cannot be ex pect ed to last mo re than about 
seven year . . o th at in the case of a m ain - .. particularly where you 
~annot t ake it u p and re-coat it- you will still h ave to con ider the whole 
question of protective treatment after your coating is b eginning to uffer 
from fat igue. 



COASTAL ERO. ION: ITS ORIGIN AND PREVEI\TIO:\. "' 

(BY I. A. RIDGWAY.) 

The subject of coast protection is probably hut seldom considered 
n a country of the size and population of Australia, where land is plentiful 
and cheap, except in those cases where some towns find it either essential 
or desirable to protect them elves against the inroads of the sea . 

•• 
In smaller and older countries, hO\Yever, the constant even if slow 

erosion 0f valuable agricultural land is more acutely felt and some form 
of coast protection becomes if not a necessity at least most advisable. 
In the case of land below. the level of hiah water or spring tides protection 
is, of course, absolutely necessary. 

The science of reclamation and · protection of low-lying lands has 
been brought to a high state of perfection in Holland, but the principal 
conditions, viz., a lovv flat foreshore consisting entirely of sand, with 
which these works have to conform, are wholly different to those generally 
associated with sea-defence works in many countries and in particular 
Great Britain. t 

Where towns are concerned economy need not be perhaps the con­
trolling factor in the design of a sea-wall, for not only have the muni­
cipalities a large population on which taxes can be levied, but a sea-wall 
and the adjoining works can often be utilised so as to bring in a direct 
return, while in all cases an indirect return is secured since the value of 
the property fronting the sea-wall is enhanced. 

In all other case where sea defence works are required, whether 
they are to prevent the flooding of low-lying lands or the erosion of agri­
cultural lands, it cannot be too often emphasised that the design must 
be an economical one, and more especially does this apply in the latter 
case, for here the whole cost of protection has generally to be borne by 
the landowner directly concerned, whereas in the former case a levy 
can be made on all those possessing property below a fixed datum. 

The subject of coast protection is of itself so vast that it is impossible 
in this paper to do more than survey in a general manner the forces con­
cerned and the effect of these forces on artificial structures. 

Part I of this paper deals with those forces producing the phenomenon 
of littoral or longshore drift and erosion, while the effects and results 
of these forces on sea defence works are considered in Part II. 

* For diagrams see end of book. 
t Royal Commission on Coast .Erosion, in the United Kingdom. 3rd Report, Part Il L 

par. 54· 
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PART I. 
(A) LITTORAL DRIFT. 

The simplest and the natural form of coast protection is the shingle 
or sandy beach collected and maintained by a continuous littoral drift, 
except in those cases where a state of equilibrium has been brought about 
hy artificial or other causes. · · · · 1 

Closely allied to. since depending on Nature's method of protecting 
the coast, is the method which utilises groynes, whereby the beach is 
heaped up locally, due to the groynes intercepting the supply of littoral 
drift as it travels along the coast line. 

The importance necessarily attaching to littoral drift as a means 
whereby beaches are replenished, and its direct bearing upon the con­
struction of sea·walls and groynes, make it essential that some mention 
of it should be made. Sir John Coo de, in his paper on the Chesil Beach,* 
states that " the ultimate movement of shingle is always found to be 
in the same direction as, and never against, the heavier seas ; and that 
it is frequently in opposition to the prevailing or strongest tidal current." 
In other words, the direction of the movement of shingle along anv coast 
is similar to the direction of the prevailing wind along that coast. 

The above statement, though not unanimously agreed to, even v.:hen 
first ]Jropounded, for the late Sir J ames N. Douglas t and others were 
opposed to it, has nevertheless found a very large number of adherents 
and the third and final report of the Royal Commission on Coa t Erosion 
in the United Kingdom shows that still a large number of engineers favour 
this theory . t 

The other theory advocated at the present time bv various authorities 
(i.e., Messrs. W. H. Wheeler, W. T. Douglass, and Vaughan Cornish) 
states that the travel of drift is directly influenced by the current set 
up hy the flood tide, and is therefore in the direction oi the flood tide. 

J n the writer's opinion this latter theory is the more atisfying olution 
of the problem, though it must be understood that prevailing winds 
will materially increase the amount of drift, if in the same direction as 
the flood tide, and decrease it or even reverse it temporarily if against 
it, but that wind is not the true motive force is proved by the fact that 
littoral drift continues in comparatively calm weather . 

. Of the above two theories, the former is perfectly simple, needing 
no further explanation beyond saying that the prevailing winds are sup­
}JOSed to set up a longshore current and also to so influence the angle at 
which the waves strike the shore that shingle and sand are made to travel 
in the direction of the wind. The latter theory is more complex. 

~ Proc. of the Inst. of C. E . , Vol. 12, page 532. 
t Royal Commission of Coas t Erosion in the United Kingdom, Part I., par. 48 . 
:):Proc. of the Inst. ofC.E., Vol. XL., page 103. 
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The coast of Great Britain is eminently suitable for investigating 
the second theory, viz., that the current set up by the flood tide is the 
real transporting agent. 

The portion of the great tidal wave generated in the outhern Ocean 
which travels up the Atlantic, divides on reaching the western entrance 
of the English Channel, the main portion continuing its journey along 
the West of Ireland, while the remainder again dividing flows up the 
English and St. George's Channel . 

The main portion of the tidal wave which continues along the , ,,·est 
Coast of Ireland, passes round the North of Scotland and creates the 
tidal waYe which affects the whole of the East Coast and in due cour e 
meets the tidal wave coming up the English Channel just north of the 
Straits of Dover. This point con titutes a node. A similar node io: 
formed at Morecambe Bay by a portion of the main tidal wave passing 
through the northern entrance of St. George's Channel and meeting the 
tidal wave coming up St. George's Channel from the south. 

It will be realised from the foregoing that in general the heaYiest 
seas and consequently the prevailing winds are in much the ame direction 
as the flood tide There is, ho\\·ever, one important exception on the 
Cumberland coast, from Morecambe Bay to Vilorkington. The flood tide 
here rnns from north to outh, while the prevailing winds are from the 
south-west.* In this case the littoral drift is in the direction of the flood 
tide, proving conclusively the superior influence of the flood tide on the 
movement of beach material. 

It must be under tood that local causes affect the general set of 
the flood t ide and influence the travel of littoral drift in con equence. 

That the travel of shingle along the coast, and probably to a large 
extent sand. takes place almost \vholly between high and low water mark 
is certain, for if it were otherwise the known cases of beach denudation 
due to groynes, etc., extending from H.W.M. to near L.W.l\1. ,,·ould 
not exist, for the beach material would have travelled past the groyne 
and then with the advent of offshore winds been deposited on the beach. 

It has still to be hown why the travel should be in the direction of 
the flood tide any more than in the direction of the ebb. 

There are two important reasons which give the flood predominance 
over the ebb. 

The first, which is the most important, is given by Mr. Vaugban 
Cornish in his book on Waves of the ea, where he states that " provided 
the tide runs freely the currents follow the same rule as the forward and 
backvvard currents of ordinary wind-waves of the sea, viz., when above 

* Aberntthy, G. A. 
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mean sea level they are forward, when below mean sea level they are 
backward," or, in other words, the current is in the direction in which 
the tide is making from half flood to half ebb. The change of level of 
the sea is deceitful and SUGgests that the current changes also, but this 
does not n cessarily follow except in certain cases, e.g., in a bay or river, 
where the " ·ater is more or less confined and therefore heals up, this 
tendency being accentuated in a river by the addition of fresh \\"ater. -

In such cases the current changes shortly after or as oon a H.·w.M. 
is reached. 

Professor Darwin in his article on Tides in the Encyclopedia Brit­
tanica * bears out the above . tatement when mentioning the tides in 
the English Channel. 

The obvious result, if the above statement be correct, is that the 
upper portion of the beach is subject to the flood tide and the lower 
portion to the ebb tide current. Now as the shingle, when present, is 
generally confined to the upper portion of the beach, and as this portion 
is subject to a heavier wave stroke, since as a rule it has a . teeper slope 
than the lower portion , it is clear that it is more liable to erosion, and 
consequently the material thus eroded is carried along by the flood current. 

The second reason a. to why the flood current should predominate 
is due to a peculiarity of the flood tide noticed by li'Ir. \V. H. Wheeler, 
who says that the flood tide comes along in wavelets of its o,,-n making 
which break on shore in an oblique direction. ·j· \Vhether the flood makes 
in this way and if it does whether this manner of making as ists longshore 
drift, the writer is at present unable to say, but he has often noticed 
that a sea seems rougher and the general run of the waves larger while 
the flood is making than when it i ebbing, as if a certain amount of 
momentum which was imparted to the waves durino· the flood \\'as lost 
on the ebb setting in, thus causing a diminution of erosive power in the 
ebb. The actual transport of material along the shore does not take 
place along a straight line, but each particle of shingle, and to a large 
extent probably each particle of sand, move in a zig-zag manner. The 
oncoming wave unnoticed b~r the eye po sesses a certain longshore motion 
imparted to it by the tidal current. On breaking, the wave impels a 
pebble up the beach and imparts to the pebble ome of its longshore 
motion, thus giving it a translatory movement as well as a movement 
directly up the beach. If the wave strikes the shore obliquely this move-­
ment is accentuated. As the \\·ater recedes again , carrying the pebble 
with it, it is probable that all translatory motion has been lost, and con­
sequently the pebble travels down the beach without any longshore 
motion. only, ho\Yever, to be carried up the beach again by the next waYe. 

* En c,·clopaedia Briltanica, 9th enition. 
-)- ~l inutes of Proceedings, lns. C. E., Vol. CXX\ ., page 20. 
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l t is practically certain that sand, except for the mall proportion 
carried beyond L.W.M., is subject to the same motion, for and can be 
collected by groynes and the fore hore raised in consequence in the same 
manner a~ . hingle. Mr. Darley, in discussing Mr. Douglas' paper,* 
pointed out that he had seen grovnes tried in l\e11· S uth iVales and 
that t.hev had not been of the least henefi.t, but the author had replied 
that to the south o( LO\\'estoft harhor 12 ft. of very fine and had been 
collected in t11·elve month. b~· a spur groyn . cleat:ly showing that fine 
.sand could be coli cted. and other ca.<>es might be quoted. Alluvial 
matter is, however, different. and one has onlv to ee the extent to which 
alluvial mud from a larg river. e.,!;., the Niie. is carried into a tideless 
sea to realise that once such matter i in sbspension it will remain so 
until eithe r all current 'eases or until the water becomes saturated. 
Con. equently, alluvial matt r eroded from the cliffs can never be counted 
upon to incr a e th quantity of littoral drift. 

The above remarks on littoral drift have had especial reference to 
tidal seas, but in a modified form they apply to all tho e seas which though 
practically tideless y t posses a permanent longshore current. The 
coast of New outh Wales is a case in point, for the flood tide current 
is replaced by a permanent ocean current and for a portion of the year 
by a monsoonal current. ·I· 

The dir ction o( the ocean current is outherly and the prevailing 
wind b ing from the north-east tend to assist tlus current. The result is 
that sand travel along the coast has a outherly direction. 

(B) ERO ION AND ACCRETION. 

Without ero ion there would be no littoral drift and consequently 
no accretion, and therefore erosion is of primary importance, not only 
because it is generally the chief agent of destruction to coast works, but 
becau e it is with the aid of littoral drift the salvation of many a foreshore. 
Erosion is an agent of destruction and also construction, and the economical 
design of sea walls depend on the use to whlch these forces are put. 
Erosion only and not the results of erosion concern this part of the paper. 

lt is clear from observations of a beach on a calm clay and on a rough 
day that wave action is responsible for stirring up sand or shingle and 
then moving it up and clown the beach. It is of interest to determine 
to what depth the erosive power of an ordinary wave is felt. 

ome evidence as to wave action below the surface was furnished 
to . the Royal Commission on Coast Erosion. t ir William Mathews 

*Coast Ero ion, W. T. Douglas, M.in . of Proc. of the I. C. E., Vol. CLXXXV. 
t Bar Harbours ofN.S.W., G. H. Tlalli gan, Mins. ofProc. I.C.E. , Vol. CLXXXIV. 
~: Royal Com. on Coast Erosion in the U.K. Part III., par. 13, III Report. 
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mentioned that . and and shingle are often found in the lobster creel in 
120 ft. to I o ft. of \\·ater off land' End after a storm. A further case 
was the finding of and after a storm on the gallery of the Bi hop's Rock 
lighthon e, off Scilly, at a height of 120 ft. al:oYe the water. the depth 
of the sea l::eing 35 fathom in the Yicinity of the rock. This clearly 
shows that. the sea bed must have be n di. t url'ed, for it was the only 
source from \Yhich sand could have come. 

It is reassuring, however, when dealing with coast protection to 
realise that the height of a waYe depends uron the depth of the sea at 
any particular J=Ot, and ince unbroken \YaY are oscillatory in character 
it is ]Jrobabk that the ea l::ottom is not materially affected until the 
ShOre sheh·es Sufficiently to f rmit Of breaking \\"aVeS. 

Jn this connection it ha to be admitted that it i. impo . ible to state 
definitely in what depth a wave will break, but very approximately it 
may be aid that a wave will break on reaching " ·ater of less depth than 
its own height , mea ured from trough to ere t. The wave breaks because 
the crest come more freely, " ·bile the lower portion is retarded by the 
shore bottom, and the t ndency to break is undoubtedly increased hy a 
sea·ward undercurrent. 

As soon as a wave breaks all oscillatorv motion ceases and it becomes 
a wave of translation, which is impdled up the shore ''"ith an initial velocity 
dependent upon the height of the unl1roken wave. 

It i this latt r wave ·which on its upward and downward path con­
stitutes hoth the accreting and the eroding force. 

Thi translatory wave formed on the collapse of the main onshore 
"' ave has its greatest velocitv and therefore momentum at its start, and 
consequently it imparts a ce~·tain amount of it~. momentum to anything 
movable. Jt must also be remembered that any ol ject which is carried 
forward b ' the upward wave is for the greater part of its journey water 
borne and further that since it impedes the upward fiovv it ha for an 
instant an excess head of water on its sea side and consequently ha a 
rolling tend ncy up th beach. Thi is mor fully on idered belo\\·. 
On reaching the limit of its up\\·ard run , the particles of water lose their 
velocity and gravity is free to act, and the water flows down the beach 
until it arrives at some point at which it me ts the oncoming wave. This 
point depends upon the periodicity of the onshore waves. 1 t is this 
down\\'ard flow \\'hich at its junction "ith the oncoming wave tend to 
create the undertow. 

Fortunately for the beach, the down\\'ard fio"· starts "ith no initial 
velocity and consequently is unable to remove any stone which the up­
ward wave may happen to have carried to its limit. 
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Any obstacle impeding the downward flow is subject not only to the 
kinetic energy of the water, but also to a potential head which is greater 
the greater the slope of the beach. Consequently, large stones are often 
easily moved, since the only resistance they offer to motion down the 
beach i sliding friction . 

A fmther and important eroding agency is due to the water behind 
any obstacle obstructing the downward or in a lesser degree the upward 
flow, being at a lower level than the adjacent water on each side. The 
consequen e is that \r<fter from on either side rushe in to fill the de­
pression and in doing o create a scour behind the ob truction which 
in time re ult in its removal. 

If the abo,·e were the only conditions prevailing it is more than 
probable that the receding waYe would allow of but little deposition on 
the beach, ince apart from the initial momentum given to any beach 
material by a breaking wave, all the force tend to the destruction of 
the beach. :Mr. Vaughan ornish, however, call attention to one very 
important f ature in the r ceding wave. This i the diminution of wat r 
contained in it on account of the large loss sustained by the percolation 
of water through the shingle or sand. 

This effect is mo t apparent at the moment th wave starts to return, 
for after receding somewhat it receives again the water, but at a reduced 
velocity, which had percol ated through the hingle. 

It would seem that the e percolation lo e con titutc the chief 
difference between the artificial form of coast protection and th natural 
form. for whereas the best designed sea wall eau es ome additional erosion 
to tak place, the beach naturally protected remains in practically a 
constant condition slightly lower after an on hore gale, but regaining its 
normal condition with the advent of offshore \rinds. The shape of a 
natural shingle beach varies . omewhat according to circumstances, but 
the general curved shape ha ften been copied, with hardly ati factory 
result , for the great advantage of a natural beach is it capacity for 
reducing the po"·er of the receding wave, whereas the olid wall, with a 
mooth and hard surface, tends to augment its power. 

The ideal "·all must combine the stability of a olid structure with 
the wave reducing capacity o{ a natural beach. 

PART IT. 
Having reviewed in a somewhat cur. ory manner the nature of the 

forces that produce coast erosion and consequently littoral drift, it becomes 
essential to know ho'vv best these force may be combatted. 

At the present time two distinct methods are in vogue, the one 
consisting in protecting the coast by some form of a sea wall, and the 
other in o raising the beach by mean of groynes that the beach itself 
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protects the adjacent cliffs. In practice these two methods are often used 
in conjunction vvith one another, the groyne being supplementary to the 
wall. For the reason that the sea can pass round the hea.-1 of a groyne 
unless it abuts against a hard rock cliff, it is seldom that one finds groynes 
independent of a sea wall. On the other hand, sea walls are frequently 
constructed without adjacent groynes. The greater diversity of shape 
the greater cost, and the more general use of sea " ·all over groynes, has 
led the present writer to confine this portion of the paper to the satisfactory 
design of sea walls, the more so as groynes, though built of various materials 
and in different ways, have when complete of necessity much the same 
profile. 

_-\ proper and economical design ·of a sea wall requires that the fo rces 
tending to wreck the wall be thorough! · understood. 

The forces may be conveniently summarised as follows :­
. ., 

(I) Erosion of the foreshore at the foot of the sea wall, causing 
the wall to either overturn or slide bodily forward ; 

(z) General beach denudation, r suiting in an exposure of the 
base of the wall and consequent probable overturning or 
sliding ; 

(3) The creation of a hydrostatic head at the back of a sea wall 
resulting in overtu rning or sliding; 

(4) Direct wave action , causing local or general fracture and 
con. equent failure of the wall. 

(I) ERO IO N OF TilE FORESHORE AT THE FOOT OF A , EA WALL. 

The fi rst of the above eau es of pos ible failure is undoubtedly the 
mo t . eriou . 

The erosive action of the ea is continuous and all sea walls . hould 
be de ignecl to minimise this danger. 

The first objective in all sea walls mu t be a good foundation. In 
very many case , however, this aim cannot be achieved, for a sea wall 
has to be built where it i. needed and the wall must suit the foundation 
and not vice-ve1'Sa. On tho e beaches, hO\·vever, where rock or good 
clay lie at a rea onable distance from the surface the wall either in part 
or whole section hould be carried down to the firm foundation. The 
initial expen may be great, but where a wall is expo. eel it is false economy 
to neglect the a lvantages of a o-oocl foundation , ven if some distance 
below beach level. 

. n important point to ettle seems to the writer to be the level of 
the base of the wall with reference to beach level. On most beaches two 
di tinct slope are visible, the slope on ''hat may be termed the upper 
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~eac~ being greater than the slope on the lower pdrtion of the beach , the 
Jtmctwn of these slopes being between high and low water mark. 

In many beaches free from sea defence works the upper slopes form 
a natural protection to the coast. But in the case of a coast where th~ 
sea can \\·ash Jreely against hard cliffs thi upper slope is often non-existent, 
despite the presence of a sandy foreshore , for the reason that the recoil 
of the WaYes from the cliff prevents the accumulation of drift! · The 
conclusion to be drawn from this e m to be that a sea wall should always 
be founded at a leYel below the line of the lower slope when produced 
shorewards, or, in other word , an e timate must be made as to the probable 
final beach ]eye] at the toe of the wall and the foundations designed 
accordingly. 

I · A case in point is the wall shown in Fig. 2 (Walla ey Embankment 
ne\r wall). Here it wa considered probable that the final teach level 
would l::e a sho'' n on the cliag1 am, but, de pite thi , the vertical r-ortion 
of the wall wa carried clown to the hard t:oulder clay. 

ln the ea c of a wall described by Mr. W. T. Douglas in his paper 
on coast erosion tefore the lnstitute of Civil Engineers,* ero ion , Yiz., 
at the rate of 10 ft. r-er annum wa eo vigorous that two heavy concrete 
walls were succes iYely oyerturned, due to the insufficient depth of founda­
tions. lt wa alw mentioned that the section of the foreshore , preYious 
to a wall l::eing built and after toth failures, remained exactly the ame. 

lt must not te thought that erosion will cease and that a wall will 
become immune f1 om r-ossible failtue simply tecause it is founded well 
below the general level of the teach, for exJ:erience bows that thi is 
not always the case, but it does make it J:Ossible to arrest erosion more 
ea ily either by the timely introduction of groynes or by adding an apron 
to the wall. 

ln this I srect the £ a \\all b low the All::ert Drive, at Scartorough. 
England, sho11 n in Fig. ;) , i of inter st . 

Mr. C:mith , the Borough Engineer of <:carl::orough, in hi eYidt nce 
before the Royal Commi ion, t tated that the shale in front of the wall 
had teen eroded to uch an extent that it tecame e cential to extend 
the apron, and later to construct !'ome groynes, \Yhich ha,·e proYed to 
be very effecti,•e. 

Circumstances, of cotu e, dete1 mine the u e and po sibilitie~ of 
groynes, and whether they can l::e suitably used as an adjunct to a sea-wall. 

As an adjunct to a sea wall the above case proves their use , but in 
many cases they are neither suitable nor even possible. 

*Mins. of the Proc. of the Inst. of C. E., Vol. CLXXXV, page 98. 
tR oyal Commi sioP on Coat Eroston in the U.K. III. Report, Part 3, pa r 2i· 
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T n the case of the wall shown in Fig. z, the foreshore for some distance 

from the wall consists of a layer of peat some three or four feet thick. 
This peat directly overlie a bluish clay, which is not only very easily 
scoured away, but is of such a nature that if a layer of it i exposed it 
will become during a storm almost a fluid. Along this shore it is certain 
that in time the peat bed (which is the remains of an old forest) will 
be washed away and the blue clay become exposed. It is clear, therefore, 
on the ground of expense alone, that groyne~. despite there being a 
certain amount of littoral drift are not suitable for this shore. 

Experience seems to show that where the blue clay is exposed the 
general foreshore will not fall below a certain level, but rather that failure 
to a wall would arise out of the liquefying of the clay by wave action, 
resulting in the sliding forward and collapse of the wall. 

The reality of this danger was well illustrated in the case of a curved 
wall which is adjacent to but not part of the wall shown in Fig. z, and 
which happens to be on the samf formation. \iVhen built the peat bed 
referred to above also extended along the vvhole length of thi curved 
wall and it was part of the design that the toe of the wall should be ex­
tended as the erosion of the peat proceeded. This, however, was not 
done, and as a consequence the waves during some ·stormy weather so 
liquefied the clay that a large portion of the wall collapsed and slid bodily 
forward. 

The wave action on the ground at the toe of the 1vall was undoubtedly 
accentuated by the shape of the \Yall, causing a recoiling mass of water 
to strike an oncoming wave at this point. In the original design of this 
wall some wave-breakers or " dentals " were hown on the curved face, 
but the. e were, unfortunately, omitted in the construction . A further 
circumstance possibly contributing to the failure of this wall is mentioned 
below under heading (3). The methods adopted in the above case to 
prevent a further disaster of the same kind occurring again were, of course, 
if not decided by at least largely influenced by the financial factor and 
consequently may appear to be somewhat of a temporary nature. Op­
posite only that portion of the wall which collapsed a heavy mass concrete 
toe was placed, but elsewhere along the wall where the blue clay was 
exposed the foreshore was first consolidated by tipping on it a large 
quantity of stone and then rough pitched for a considerable distance 
from the wall, the intention being, of course, to prevent direct wave 
action on the clay. As far as the writer knows these measures have 
been successful and the more so as the pitching is gathering a certain 
amount of sand and shingle which help to maintain the stability of the 
beach. 

The case of this wall and the Scarborough sea wall show very clearly 
that a wall with a curved profile by itself does not arrest erosion at its 
base, but vvould on the contrary appear to accentuate it. 
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To oYercome this ero ion Yariou de' ices and d ign of ea ''"all · 
haYe been tried. The projections or dental on the ea wall in Fig. z 
seem to b succe sful, but the lev 1 of the foreshore prevents as yet their 
full capabilitie being realised, but that the recoi1incr " ·aye i. broken 
up by them there is no rloul>t. 

This wall (shown in Fig. z), belonging to the \Vallasey Embankment 
Commi sioner· , "·as con tructed in two ]JOrtions , the earlier portion 
colorecl neutral tint was de igned by the late "Jir. G. F . Ly ter, and "·as 
built about the year r8g5. The foreshore at that time was ome 4 ft. 
above it present level and "·hen first constructed it was reali ed that 
the wall " ·ould have to be extended at a later date. The exten ion was 
designed for th ommi sioners by Mr. . G. Lyster, Engin er-in- hief 
of the ~[ r ey DQcks and Harbor Board, the writ r being Re ident En­
gineer. The exten ion ha not as yet. been carri cl out for the whole 
length of the earlier wall, but will be add d as occasion demand . 

Th wall is of an inter sting and somewhat unique type and i eco­
nomi al both in construction and maintenance. 

The main feature of interest 1ies in the platform or " Yerm" placed 
jut ahoY H.\Y."JI., on "·hich is spent all the energy of a breaking wave, 
and this uccessfully prevent th receding water acquiring an~· great 
velocity uch as i acquired by a recoiling wave on a cun·ecl "·all. The 
concr te projections on the surface, com·eniently known as " dental " 
arc al of interest, and, a: alr ady mentioned are de igned " ·ith a Yie"· 
to reducing the flow of the up"·ard wave and the fore of the uh equent 
recoil. 

A pointed out ab v , the extension wa designed with a Yi " . to 
the probable finallev 1 o{ th fore hore. In very ase the vertical portion 
"·a. carried 1o"·n to the solid boulder clay, thu , apart from general 
stability, eff tually pr venting a nm o{ and or alluYial matt r from 
under the wall, eau ing local or g neral failure . Vertical wall or "·all 
with only a slight batter do not eem to be quite as liable to erosion as a 
curyed wall, but if not so pronounced it undoubtedly goe on. 

In th case of the s a "·alls at Blackpool (Lancashire) the Corporation 
Engineer, ~Ir. Brodie, who designed and con tructed the two "all , 
mentioned in this paper, told the writer that a ertain amount of er ion 
was exp rien eel with practically vcrti al wall and had to b combated. 
Fig. 4 sho" · a wall with only a light batter recently con tructccl at 
Blackpool and ]_.Jiling i pla ed a a prc aution in front of th "·all. fhe 
"·all i of omewhat extra thicknes for the reason that it is intended 
to utili e the pace between a cliff and the back of the wall as a Corporation 
tip, and onsequently no support can b derived frcm the back filling for 
ome year. 
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A vertical wall has many advantages, including compactnes , ease of 
con truction. and its adaptability for the u e of groyn , yet it is ome­
tim s di count nanced on account of the violent \Yave action agai1rt 
it during an on hore gal , and th consequent drenching of any parade 
whi h may b at the back of the wall. Thi latter eff t is le sened by 
introducing a bu11-nos , as in Fig. + 

The fa t that at the foot of a vertical \Yall ther must be a considerable 
undertow as " ·ell as a heavy pounding action on th foreshore, point to 
the n cssity for making the foundations of a verti al wall exceptionally 
good. 

Fig. 5 ~ho"· a ·ection of a " ·all de igned by ~1r. \Y. T. Douglas for 
Horn ea, n the York hir coa t , to be u. ed in c njun ction with groyne· . 
Th wall prot ·t. cliffs of glacial format ion, which , pr ,.i9us to the con­
· truction o f t his wall , " ·ere subject to very eve re ero ion. 

Th re is t ill one other typ of wa11 , if such it can be called, which, bein o­
bas d to so me ex ten t on 1\ature's meth d of protection, is eminently 
suitabl for l ening the quantit~· of ro ion. The type referred t o 
is the pit h d lope or embankm nt which is being largely cleYeloped to­
clay by the aid of ferro-co ncret . A pitched lope acts in the ame way 
a a t e p natural beach in that it allow free ex pan ion for br aking waYe , 
thu · r clucing t he force of the recoi ling \\·av . The main difference lies 
in the fact that percolation can tak place in t he one while it cannot 
in the oth r ; but a rough m· face as i pre entecl by a pitched slope 
co n. iclerably retards the receding wave and makes the embankment 
more eflici nt. 

Fig. I shows a er .. se tion of the so-called Old V1' allasey Em bank­
m nt, whi h " ·ith th new work already de cribecl xt nd for ome 
-1-.400 yard long the \\ i al Peninsula. Th h.oyal Commission describe 
the \\ alias y Embankment, i.e., lcl and n vv work combin d, as one 
of the greatest s a-defence works in th country. * The Embankment 
i c rtainly an excellent example of this form of const ruction and th 
tability of th sandy for . hor proves it. efiectiYen s . 

From an initial ost point of iew a pitched lope i .. if circumstances 
a r uitahle, e onomical, but maintenan e eo. t i apt to be con iderable , 
for pitching is easily damaged by floating wreckag , and th possibili ty 
when one the kin i broken of further 1 itching being undermined and 
wa heel out mu t be gu arded against , either by laying the pitching on 
clay or by adopting some other m an~ . 

Thi 1 itched slope or embankment type of cl fe nce-work ha been 
considerably deYeloped in Holland largely by M. de 1\luralt, who has 
introdu eel ferr -concrete work. 

* Ro~al Commis io n on Coast Erosion in the U.K. Repo rt III., Pan 2, par. 105. 
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Figs. 6 and 7 show two typical sections of sea-defence " ·ork built 
on the De Muralt syste~1: Fig. 7 is designed.to be specially suitable in 
moderately exposed pos1hons, whi1e both seem to be eminentlv suitable 
for the protection of sandy coasts such as exist in Holland. · 

For further information on this particular form of protection and 
others in vogue in Holland one would do well to refer to Mr. A. E. Carey's 
paper on " \Vinning of Coastal Lands in Holland."* 

Under certain conditions and in those places where the absorption 
of land by defence works is of no consequence, where a good backing 
may be obtained and where no excessive excavation is required, for the 
foundations, the De Muralt reinforced system or any other form of pitched 
slope protection work seems to be specially suitable, being generally of 
low first cost and, if in sheltered situations. of small maintenance cost. 

Apart from these advantages, the erosion at the foot of the slope 
is usually small, for the slope is of necessity not greater than the angle of 
repose of the ground, while the stepped surface in the De Muralt system 
or the rough surface when the pitching is used, further afeguards the 
shore. 

Large rubble is occasionally utilised for protecting a shore and, if 
circumstances and conditions permit of its use, there can be no doubt 
as to its e:ff1ciency. The protection of the coast at Fremantle i effected 
by this means. 

Where it i de irable to economise space a pitched slope and a vertical 
wall may be u ed in conjunction. Fig. 8 is a typical section of a wall 
recently built at Blackpool where it is subject to a heavy sea. The 
slope, which is about 2 horizontal to I vertical, is pitched with basalt 
set upon a mattress of .concrete, and is protected at its foot by a line 
of sheet piling held in position by a longitudinal walling bolted to a series 
of king piles. 

1 'o mention has yet heen made as to the effect of oblique wave action 
on walls and the con equent probability of extra erosion. 

There is no doubt that given favorable circumstances oblique 
vYaYe action can increase the erosion at the toe of a wall by creating a 
longshore current along the foot. 

- Long slopes are naturally not o much affected by this action, but 
a well designed wall should be proof against any excessive trouble from 
thi source. 

lt must be repeated that where possible groynes should be experi­
mented with, and, if successful, they ought to be used in conjunction 
with the wall, for they are agressive and constructive, and may enable 
a'lighter section of wall to be used. 

*Minutes of the Proc . of the Institute of C.E., Vol. CLXXX!V. 
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(z) GENERAL BEACH DENUDATIO · . 

General denudation of any magnitude is generally caused by some 
obstruction either above or below the place affected, according to the 
direction of the flood tide preventing the flow of Jongshore drift. Any 
wall is liable to be denuded at its foot from this cause, and the only satis­
factory remedy is to remove, where possible, the obstruction, and so 
restore the former conditions. 

Apart from natural obstructions, breakwaters, jetties, piers are all 
liable to cut off the supply of littoral drift and thu cause denudation in 
their vicinity, but probably the most usual cause is the introduction of 
some groyne, which if built to its full height when first constructed is 
quite capable of cutting off the whole supply. To prevent this possibility 
groynes are now often built in stages, additional height being added to 
the groynes as the beach is raised. By thi means no large quantity of 
drift is ever held up at one time, with the resulfthat there is no denudation. 

Information as to the be t arrangement of groynes may be obtained 
from many sources, but, generally speaking, groynes extending from the 
wall to L.W. '.T. , are placed at right angles to the shore, and spaced at a 
distance about equal to their length. In those places where longshore 
drift exists, the possibility that the quantity of drift available might 
be reduced or even cease altogether, due to the better protection of ad­
joining coastal lands (the source from whence it comes) must not be 
overlooked, and points to the fact that a deep founded ea wall is an 
advantage. 

A further cause of local denudation, more especially on open sandy 
beaches and estuaries, is the somewhat erratic movement of low water 
channels. Suitable groynes or, if the channel is worthy of the expense, 
some form of stone revetment may with advantage be used to confine 
the channel to a safe course. 

It need scarcely be added that all forms of artificial removal of beach 
material, for other purposes than coast protection in the particular locality 
cannot be too strongly deprecated. Certainly on an extensive foreshore 
the removal of material seems to be but a trifling matter, but experience 
proves that the little beginning is no guarantee as to what the end will be. 

(3) "HYDROSTATIC PRESSURE BEIIIND SEA Vi7 ALLS. 

All walls from the nature of things are designed to stand the pressure 
exerted against them at high water, and the fact that they are almost 
·invariably filled in behind disposes of any possibility of failure from this 
cause. The hydrostatic pressure vvhich can be exerted at the back of 
a sea wall is, however, a very serious matter and would appear to be 
often overlooked, whereas too much attention cannot be paid to this 
matter. 
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1\ aturally, the danger is more apparent in cases ·where the tide recedes 
from the \\"all at L. Vi' . for the counteracting pressure against the face of 
the wall di appears. 

Where town are concerned. there is generally an efii.cient drainage 
system to carry off all storm water before it has time to percolate into 
the filling at the back of the wall, and, further, the usual promenade 
adjoining the \Yall ought to be made waterproof and given sufficient 
slope, to allow of any water which reaches it from breakinp; waves 
returning to the sea. 

In ea es such as these the only danger to be anticipated results from 
the breaking of the watertight covering of the promenade during a torm 
and the con equent rapid saturation of the filling at the back of the wall. 
Provision must, therefore , he made against thi po sibility by giving the 
promenade if in an exposed position sufficient strength and by providing 
suitable weep holes in the wall itself. 

This possible eau e of fai lure is more likely to be realised in those 
di tricts "·here \\"alls are constrncted purely for coast protection purposes· 

In such cases, where walls are often backed bv sand hills or some 
other porou. oil. care is required, for not only does the sand afford a 
catchment area for all the rain , but it will readily absorb all the water 
which during an onshore torm is driven over the wall. The result i that 
if the confined water cannot get away sufficiently rapidly the " ·all will 
on the approach of lo" · water be subject to a dangerous outward thrust. 
To aYoid the po sibility of this danger the land adjacent to the "·all mu t 
be protected and in addition ufficient " ·eep holes proYided in the wall 
for the discharge of r ain a nd \\"ave water . 

The above facto rs mu t nece. sa rily influence the design of any ·wall 
required for work under such conditions, and one cannot fail to reali e 
that in these circumstances the embankment type of wall (Fig . r, G and 7) 
and the berm wall (Fig. 2) are eminently the most suitable for the needful 
protection is ecured not hy an addition but by the economic utilisation 
of the wall itself. 

The failurE oi the r.u rved \\·all mentioned previously in this paper 
may have been in some measure due to the hydrostatic pre:>sure exerted 
at the hack of the wall, for be~'ond the asphalte promenade )Vhich adjoined 
the wall the sctnd was uncovered and liable to become aturaterl during a 
severe storm. 1 t is, of course, impossible to say to what extent if any 
failure " ·as dne to this cause, but the condition of the foreshore after 
the disaster leads the writer to think that back pressure was at least par­
tially respon. ihle. \ 'Vith reference to detailed design, it may perhaps 
be mentioned that parapet \\"alls, though useful as a protection. should 
where possible be dispensed with in favour of a railing, for they are not 
economical and do not add materially to the efficiency of the wall. 
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(4) WAVE IMPACT AND LOCAL OR GENERAL FAILURE. 

Failure from t his cause may be more general than is supposed, more 
especially in t hose sea walls or embankments which are pitched and 
thus expose seams and joints to the action of the sea. 

If a mass of water having velocity v is suddenly stopped by a sea 
wall, then the pressure on the face of the wall becomes almost instant­
aneously equal to approximately V.:; feet of water. 

ZG 
Confirmation of this is afforded by the results obtained by Thomas 

Stevenson, who carried out a eries of experiments with a specially con­
structed dynamometer, on which he recorded maximum values of 3 and 
3-} tons per square foot. 

VVith a possible face pressure of this magnitude it is not surprising 
that walls are often damaged and block started from their joints, the 
motion of the blocks being invariably opposite to the direction of impact. 

This phenomenon is explained by such authorities as the late Mr. 
Vernon H arcourt and others as being the result of either an air or water 
pressure, caused by a wave striking the face of the \Vall and compressing 
the air , if air be in the joint, or, if water, subjecting it to pressure. In 
either case the result depends upon the size and extent of the crevice, but 
it is easy to realise that if the joint be left it is only a matter of time until 
t he outward t hrust due to compression is sufficient to start the block. 

Though undoubtedly great pressure can be exerted in this manner, 
yet if it is what it is generally supposed to be, viz ., a direct reproduction 
of t he wave pressure on the face, it would hardly seem sufficient to produce 
t he results which are known to have been produced as a consequence of 
a: heavy sea. 

I n t his connection a paper on " Wave Impact on Engineering Struc­
hues,"* by Professor A. H. Gibson, is especially worthy of notice. I n 
experiments carried out by him he has proved, and it would seem con­
clusively, t hat air pressure in t he joints of a wall has a greater effect 
than is generally realised, and, further, that under certain conditions a 
water h ammer action may be set up. One cannot do better than quote 
verbatim from Professor Gibson 's paper. H e says :-" The main con­
clusions t o be drawn from the investigation are t hat while on the as­
sumption of simple hydrostatic t ransmis ion of pressure t he effective 
intern al pres ure due t o wave impact cannot exceed that exerted by 
wave impact on the sea face of a breakwater, the pressures produced, 
if the energy of the wave is devoted t o compression of air in t he open 
joints, may amount t o approximately twice this magnitude . If, however, 
conditions are favourable t o the production of water h ammer, considerably 
great er internal pressure, up t o some fi ft een t imes the face pressure, wit h 
very high velocities of impact, are to be regarded as possible. 

*Minutes of Proc. of Inst. of C. E . , Vol. CXXXV l f. 
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· · " The results suggest the desirability of providing a free outlet for 
such water as may percolate to the interior of a sea wall or breakwater, 
by means of a series of weep holes or drains opening on its sheltered 
face. Such drains, preventing the accumulation of internal water, vvould 
be an effective guard against the production of internal pressures of 
sufficient magnitude to affect the stability of the structure, whether due 
to water hammer or air compre sion." 

The above shows very clearly to what serious forces walls are exposed, 
and points to the fact that mass walls are preferable to masonry walls, 
and would appear to show that the practice of facing concrete walls when 
subject to heavy seas with ashlar work or concrete blocks is apt to be 
detrimentaL Apart from the question of increased pressures due to air 
compression or water hammer, the direct wave force on a pitched slope 
is often serious and it is wiser and safer to limit, where possible, the use 
of the pitched slope, unless specially well supported and backed, to 
those situations where the waves strike the shore obliquely and are 
of small magnitude. These cases are, of course, comparativeiy few, 
for oblique waves in the offing tend to become parallel with the shore on 
account of the shelving beach. Experience shows that a very light 
pitching will suffice if the waves invariably run with their crests at ap­
proximately right angles to the pitched slop . 

The point emphasised by Professor Gibson in his paper, that open 
joints may cause serious troubles unless properly drained, shows that if 
masonry work is used it should be very carefully attended to and the joints 
kept well pointed, and further that in mass work cracks should be prevented 
as much as possible by introducing at certain intervals ome form (e.g., 
asphalte) of expansion joint. 

On the face of some walls projections are introduced, occasionally 
after the style shown in Fig. 2 ; but more generally the projection takes 
the form of a bull-nose (Fig. 4) or overhanging portion designed to throw 
the wave away from the wall. When such projections are contemplated 
care must be exercised in their design, so that the lifting tendency exerted 
by a wave is reduced to a minimum, otherwise a wall, unless of a very 
massive design, is apt to be shaken, and the effects though not apparent 
at first may eventually bring about the destruction of the wall. 

CONCLUSIO . 

The intention in the foregoing has been to give in a general manner 
some indication of the forces which have to be succe sfully oppo ed and 
therefore of the essentials required in satisfactory and economieal sea wall 
design. 

Consequently, the writer has not attempted to deal in detail with 
any particular design, for it is essential that it should be realised that 
the design must be adapted to the locality, and that it is impossible to 
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fix upon a certain design as the most economical under all circumstances. 
It is, however, legitimate to suppose that there is some design which, other 
conditions being equal, would be more suitable, more adaptable and more 
stable under wave action than any other. The question at issue, therefore, 
is the most suitable profile for a wall. 

In this connection the writer had the opportunity some time ago 
of obtaining some sections of a clay bank subject to a fairly heavy wave 
stroke. The waves broke approximately parallel with the bank, the 
latter being roughly pitched with large loose burrs, which were quite 
free to settle. The two sections (Fig. 9) of this bank are interesting in 
that they give some indication of the ·hape a plastic surface will take 
up when subjected to wave action. These sections clearly how that 
there is a tendency to form a platform or berm, a re ult also often noticeable 
in rubbl work subject to heavy seas and equivalent to the terracing of 
natural beaches. These section would seem to give additional proof 
that the wall shown in Fig. 2 is eminently suitable for coast defence in 
that it folJ011·s the profile which offers the least resistance to wave action 
and is at the same time most stable under its influence. 

The length of the berm necessary for efficiency can only be decided 
by experience and consideration of the condition~ , economical and geo­
logical. It should, however, be always of sufficient width to allo\Y of 
the wave expending itself. The merits of the curved ,,·all have already 
been considered and its imilarity to the " full" of a natural beach is 
one of fo rm only. Probably the most that can be said in favor of the 
usual type of curved wall over the vertical wall is that the former is 
generally better able to throw a wave clPar of itself and thus better protect 
the adjacent land or parade, though this advantage is neutrali eel by the 
intr duction of a bull-nose or overhang on a vertical wall. 

Curved or vertical walls, unless u eel in conjunction with groynes 
for true coast defence work cannot be recommended on account of the 
probable high maintenance cost, for obviously the most suitable sections 
are those which reduce maintenance to a minimum even at a slightly 
increased first cost. 

To minimise erosion the adoption of some form of wave breaker or 
dental is an assistance. The method of stepping the surface of slopes 
might perhaps with advantage be more generally applied to sea walls, 
the more so as stepping in no way subjects the wall to a lifting force. 

The sufficient and effective drainage of the adjoining land and the 
consequent weep-holes in the wall must not be omitted from the design 
of any vvork, and should have an important bearing on the ection adopted. 
while the geological composition of the country must of necessity be an 
important factor in deciding the type. 
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Groynes have not figured in this paper to the extent that their use 
entitles them, for the writer has been acting on the principle that the 
groyne is rather in the nature of an adjunct to a more important work, 
and may advisedly be constructed when circumstances demand. It 
must not be fo rgotten, however, that there are case where groynes 
may be of real service without the aid of any sea wall. 

This paper would hardly be complete unless mention (slight though 
it be) were made of the erosive power of that other agent-the weather, 
which, unknown and unseen by the majority, demolishes cli ffs whether 
of hard rock or sand, time alone being the controlling factor. In many 
cases a little money expended in time on preventive works might accom­
plish much, whereas later the expense might be prohibitive. Chalk, 
limestone and all cliffs of similar nature should be treated in time and 
made better able to withstand the weather erosion. Of the various meas­
ures t ending to allay this erosion the following are the most important:-

(r) Sloping the clif[ to its angle of repose, and if the height 
warrants it the insertion of terraces ; 

(2) Efficient and suitable drainage ; 

(3) Planting shruhs, bushes, et c., where possible over the clif[s ; 

In the case of sandy localities planting is often carried on with advantage, 
and among many plants suitable for binding the sand and protecting 
the dune one may mention marrum, lyme gra s, and so me species of 
spinifex. 

It is realised that thi paper can but touch upon the subj ect of coa tal 
erosion ; nevertheless, it may be stated with absolute certainty that 
whatever the problem involved, whatever the situation, success can only 
be economically and permanently obtained if the policy be changed 
from one of defence to one of offence. 

DISCUSSION. 

MR. ]. F. R AMSBOTHAM said he would like to thank the author, and 
I am sure a good many others join me, for the great care that he has 
taken in putting his paper together, and it is to my mind of very great 
value, as he has taken the trouble to give the results of the labors of a 
great many people in various parts of the world, and anyone troubled 
with the same conditions has got a good deal of help carefully collected 
together. I should like to read an account of the extraordinary forces 
of waves as experienced in Scotland, as given in " The Construction of 
Harbours" (by Thos. Stevenson). It gives a good idea of what some 
of the structures have got to withstand, which the author has on some 
of those diagrams:-
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" EXTRAORDINARY FORCE OF THE S EA AT \li1I CK BRE AKWATER.- \Ii/'hen we 
\vish to ascerta in what is the greatest feat that has been achieved by the waves, 
we naturally look to the ravage which a re to be discovered in the rocky cliffs 
which confront t he ocean. We should never expect that examples of tb.e develop­
ment of the greatest force would be found to be against t he masonry of those artificia l 
works which form our ports and harbors. The enormous extent and endless 
variety of exposure of the shores of Britarn, as compared with those of the few 
p iers or breakwaters erected here and there along the line of coast, m ake it to the 
1ast degree improbable that the maximum results should be found anywhere 
.e.se than a mong the rocks in situ on the shore. Accordingly, the examples of the 
most violent wave-action which have ju ~t been mentioned, and which were all 
t hat were given in the fi rst edition of this book, were cases of the destruction 
or movement of dislocated natural rocks Thi , however, no longer holds t ru e. 
The most s ta rtling example now on record i t hat of an artificial work. The 
harbor work at \i\1ick, which were for nine years in progress before they were 
abandoned, were commenced in 1863 a nd consisted of blocks of from 5 to ro 
ton , set on edge, first built above high-wat er neap tide with hydraulic lime, 
t hen with Roman, a nd latterly with I ortland cement. In October, 1864, 
300 feet of the contractor's staging were carried away ; and greenheart was after­
wards substituted for memel piles. The depth under low-water springs in which 
t he first portion of the wall was foun ded was 12 feet, in conformity with univer a l 
p ract ice; but 18 feet was afterward s adopted, which wa. a fortunate p reca ution , 
fo r in r868 the rubble was washed down to r 5 fe t below low-water, and serious 
damage occurred to a part of t he superstru cture. In r87o a length of 3 o feet 
(a bout a third of the whole) was cl e~troyed . In February, 1872, after the super­
stmcture had been rebuilt solid wi t h Portland cement, a new specie. of damage 
took p lace, the face stones being in many places shattered by the sea which is a ll 
t he more remarkable from the fact t hat the blocks were of the sam e density as 
g ranite, and of a strength three times great er than that of Craigleith tone-a 
phenomenon, inrleecl, unparalleled in the historv of sea works. In December, 
I 72, a iurther proof of force was ma ni fe t ecl, at1d i thus given in the words 
a report by Messrs. Stevenson ' The (.ea ward) end of the work, as has been 
explained, was protected by a m as of cement rubble work. It was co mposed of 
three cor•rscs of la rge blocks of So to xoo tons, which were cl posited a a foundation 
(in a trench made) in the l'Ubble. Above this formation there were thr e courses 
o f large stone. carefully set in cement, and the whole was surmouutecl by a la rge 
monolith of cement rubble m easuring a bout 26 feet by 45 feet by 11 feet in thick­
ness, weighing upwards of 8oo tons. This block was built in sitH . As a further 
precaution, iron rods, 3-! inches d tameter, were fixed in the uppermo t of t he 
foundation conrses of cement ntbble. These rods were carried t hrough the courses 
of stone work by holes cut in the tone, and were finally embeclcted in the mono­
lithic mass which formed the upper portion of the pier. Incred ible as tt 
may seem, th e huge mass succumbe:l to the force of the wave , and Mr. 
M'Donald, the resident engineer, actua lly . aw it from the adjacent cliff being 
gradually ' stewed ' round by ~ucces ive strokes, until it was finally removed , 
a nd deposited inside of the pier. It was not for some clays after that an y examina­
t ion coul d be made of t his singular phenomenon , but the result of the examina­
tion only gave ri e to increased a mazement at the feat th e wav es had achieved. 
It was found on examination by diving tha t the 8oo-ton monoli th forming the 
upper portion o.f the pier, which the resident engineer had seen in the act of being 
washed a wav, had carried with it the whole of the lower courses which were attached 
t o it by tl1e. iron bolts, and that this enormous mass, weighing not less than 1,3 50 
tons, had beea removed en masse , and was resting entire on the rubble at the 
side of the pier, having susta ined no da maf(e hut a slight fracture at the edges. 
A further examination also disclosed the fact that the lower or fo undat ion course 
of So-ton blocks, which were laid on the rnbbl~. reta ined their positions nnmovecl. 
The second course of cement blocks, on which the 1,350 tons restea , had been 
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swept off afterheing relieved from t he superincumbent weight, and some oi them 
were found Pntu e near the heact of the breakwater. The removal of this protection 
left the end of the work open, and the storm . wh ich continued to rage for some 
clays after the destrnction of t he cement rubble defence. carried a\\'ay about 
1 50 feet of the ma. onrv (one·SCYen t h of the whole), which had been bnilt solid 
and set in cement. The same rema rkable feat ure of former damage was ~trikingly 
apparent in the Jagt damage-The jOTmda.ti017S, even to the outer extremity of the 
work, remaining uninj1tred.' E:\l raordinary a. this may appear, it ,,·as surpassed 
in 1877. '"hen another conc rete' mass, wb ich had been suhstitutect for th e one 
that was moved, was in like manner carried away, though it contained r, soo 
cubic yards of cement rnbblc, the "·eight of which was about 2,6oo tons." 

That, gentlemen, gives you an idea of what you are up against when 
you are tackling the forces of nature. In the Isle of Man a similar solid 
concrete pier was built for the protection of the fishing fleet. I have 
never seen it, but I have read of it. :K ature destroyed it in a similar way 
and it collapsed into smaller blocks. The people in the Isle of Man are 
rather poor, and they could not afford to built another structure, but it 
was found that, although it was broken, it served its purpose, as it broke 
the force of the waves. After that, the same engineers in designing a 
work in Cumberlan l took the lesson from 1'\ ature and built a higgledy­
pigglec.ly system, very much the same as you have in your Moles at Fre­
mantle, and it was found that tl at resisted and broke up the force of the 
storms better than a big surface exposed to the forces. vVith regard to 
one of the sea walls at Blackpool, shown on the diagram, I cannot help 
but regard the ashlar " ·ith joints as an entire waste of money. l think it 
would be far more satisfactory and a sounder job with a concrete face, 
and in addition a good deal more economical, both in first cost and main­
tenance. 

MR. A. J. HILL MAN said the subject ofthe periodicity of waYes is rather 
an interesting one. I think most of us would be grateful to the author 
if he had any figures showing whether the periodicity of ·waves varies 
from t ime i.o time during storms-·whether more waves, for instance, come 
on shore per minute during a heavy storm than during ordinary sea 
weather ; and some figures, for instance, as to how many waves do come 
on shore. I can remember on one occasion counting six or seven per 
minute. Does that vary at different t ime ? In one small paragraph 
the author just· mentions the subject of periodicity ; and perhaps he 
can tell us a little more about it. It is only a small point, but it struck 
me, and I thought I would put it before the meeting. 

MR. T . M. CAREY said Mr. Ridgway's paper was of very great interest 
to him, as he felt sure it must have been to every member of the Institution. 
There is one point in the paper which I wish to mention, that is in regard 
to the method of protecting the wall from destructive wave action by 
constructing proj ections or clentals on its face to break the returning wave 
and so diminish its effective force. The idea seems to be a good one, but 
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I should like to know whether the enormous forces exerted by the waves 
in rough weather have the effect of wearing or breaking off the dentals 
to any great extent. 

MR. J. R. W. GARDAM said, one thing I would like to ask Mr. Ridgway, 
(probably it has been tried, but it seems to me that the general form of 
sea wall is designed to take the full force of the waves): Why not build 
a palisaded wall to break it, like the wind-break breaks the force of the 
wind at Fremantle ? In several other cases where we have to break 
great powers we do not try to do it all at once, but gradually. It seems 
to me that an endeavor might be made to break the force more gently 
than by presenting a blank wall to the full force of the waves. I would 
like to know if anything of that nature has been tried. 

MR. RmGWAY in reply said Mr. Ramsbotham's remarks were very 
interesting indeed. I think that the wall he referred to was at Wick, in 
Scotland, and it seems to me that what he read is very much to the point, 
but the more so I think because at that time all wave force was considered 
to be what one might term direct fo rce only. But we see that Professor 
Gibson has recently demonstrated that there is not only direct force due 
to wave impact, but also the possibility of greater forces due to com­
pressed air and water hammer. Water hammer is by a long way the 
most severe. I think Mr. Ramsbotham said that the structure was built 
of blocks of cement rubble. It is noteworthy that the upper blocks and 
the larger middle blocks were shifte::l, while the lower blocks remained 
intact. This result seems to point to the fact that air or water hammer 
action was to some extent at least responsible for the collapse of the 
breakwater, for the upper and middle blocks woull most probably have 
their joints exposed between successive waves and consequently be subject 
to the e forces . In connection with the Isle of Man, where Mr. Rams­
botham said that another wall was built and subsequently collapsed, it 
may be that this wall also was broken down as a result of the same forces. 
But then, when it is broken down, one finds that it becomes stable, like 
the Fremantle Mole. This, of course, is because a rubble structure can 
only be subject to a direct wave force. The cases of Wick and of the 
Ish,; of Man are very interesting and I think they go to prove that water 
hammer action does exist, and consequently that in designing any struc­
tures one wants to bear this in mind and either drain the structure efficient­
ly, if blocks are used, or, if mass concrete, to make the structure so heavy 
that it is impossible to break it up even if as a result of cracks appearing 
in the concrete water-hammer action does eventually take place. Mr. 
Hillman refers to the perodicity of waves. I am afraid I cannot off-hand 
give him any figures, but I would refer him to the book I mentioned, 
viz., "Waves of the Sea," by Dr. Vaughan Cornish, which is very good. 
Observations show how the number of waves per minute passing a fixed 
point increa e in hallow water, where the wave length is short. The 



DISCUSSION ON COASTAL EROSION. 

relation existing between wave length and period in deep water may be 
conveniently expressed by the equation wave length = st x square of 
period (where period equals time in seconds which elapse between two 
succeeding wave crests passing a fixed point) Mr. Carey mentions 
about dentals and the life of the same. The dentals on the Wallasey 
Embankment new work, in Cheshire, have been on since 1895 and, as 
far as I know, only a fe-w of them-probably not more than one dozen­
have been broken off in that time, and these as a result of wreckage 
striking them. The newer lower portion of this wall is not fully exposed 
a yet, but the upper dental is exposed, and none of these have as yet 
been broken off. There is a possibility that they may be broken off 
and that is one reason why I advocate that a wall might be stepped 
because there is little fear of any damage. But the damage, as Mr. 
Carey \vill see, i trifling, and when it occur such damage can be very 
easily repaired. The last gentleman in speaking mentioned the possibility 
of dealing with waves in very much the ame way as one might deal 
with wind. · That is the ideal way to do it. The difficulty is to know 
how to achieve the result. It does not much matter if some portion of 
the wind does go through your wind screen, but it does matter if a portion 
of the wave goes through your wall. For one has to remember that the 
filling at the back of the wall has to be protected just as much as the 
foreshore at the foot of the wall, and as a consequence a rubble wall such 
as is used at Fremantle, is not as a rule suitable for coast protection, 
and especially is this so in tidal waters. Consequently a compromise 
has to be effected and this is best achieved by the judicious use of some 
form of surface projection, or else by stepping the face of the wall. The 
wave is thus broken up and the momentum of its upward and downward 
rush destroyed. Of course, if the sea wall i. really intended to act as a 
breakwater then the cases cited by Mr. Ramsbotham clearly show how 
efficient the rubble form of construction is for this particular purpose, 
but the dif-ficulty is to apply this method to coast protection, and in the 
majority of cases it is not feasible. 



SOME ASPECTS OF ENGINEERING AS APPLIED TO 
AGRICULTURE. 

(BY H. OLDHAM.) 

I have selected for my paper two only of the many modern machines 
which are in use in connection with the agricultural industry. In each 
case the machine with which I am dealing is novel (~o far as this State 
is concerned), and there is a point of common interest in so far as that 
both machines are self-propelling and each has its track laying appliances, 
which (so far as the requirements of the particular machine is concerned) 
successfully overcome the difficulties of self-propulsion over soft or sandy 
ground. 

The first machine to be described is a steam scrub rolling plant, 
which the author has recently equipped to deal with the immense tract 
of mallee, mallet and moort scrub in the southern portions of the wheat 
belt. In most cases this vegetation is very dense (Plate r) and the 
ordinary methods of clearing are so slow. and costly as to be quite pro­
hibitive. It was desired to encompass some means whereby this area 
could be quickly brought under cultivation, and this plant is the outcome. 

The general arrangement of the apparatus is as follows (Plate 2) :­
The motive power is an ordinary traction engine of 8 nom. h.p., fitted 
with attachments to the wheels, described later on. The engine is a 
Fowler compound, carrying 140 lbs. steam. A large preader is drawn 
by steel wire cables. The spreader consists of a 9 x 7 steel H girder, 
40 ft . long, mounted on a pair of old traction engine wheels, 6 ft. diameter, 
with 5 in. axles bolted on to the spreader. When in lighter timber, an 
extension piece 20 ft. long is attached t.o one ehd. This is an R x 6 H 
girder, and has a lighter type wheel on the outer end. To the spreader 
are hung two rollers 25 ft. long and 3 ft. 6 in. diameter; these are built 
of ~ in. steel plates, and have an axle fixed in bearings at each end. The 
spread of the rollers is about 66 ft. when in widest position. 

The rollers are simply equipped (Plate 3). There is a cross put in at 
the end, of boiler plate, wit h a bearing in the centre. An inside bearing 
on a similar cross is placed about 3 ft. inside the roller. The axles are 
simply 4 in. steel rods bent to a right-angle. The axle is slipped into 
the bearings. There is a shackle placed on the other end. That axle 
is not fas t in any way and is fitted in that way particularly so that it 
will pull out if anything happens. If a rope happens to break no harm 
will come to the roller. The other axle will pull out and there be no 
further breakage. · · 

*F or plates see end uf boo k. 

6s 
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Anyone familiar with the limitations of the traction engine will 
of course admit that to attempt such work as this with the ordinary 
wheels would be absurd, because a traction engine is only really useful 
for hauling purpose., when on good roads. In which ea e it is possible 
to convert a great proportion of the po·wer of the machine into useful 
work, while on bad roads or heavy ground it sometimes becomes impossible 
for an engine of thi sort to do more than propel itself. 

The attachments which are placed upon the wheel have been designed 
to remove thi disability. These will be shown in detail later on. 

Plates 4, 5 & 6 shO \\. the altered traction wheel. The separate tvres and 
flanges can be seen. The main point about the separate tyres and flanges 
is that they are simply shrunk on . and if there is undue wear in any part 
it is a very asy matter to remove the particular member and put on an­
other one . The channels ar bULlt up fi rst by cutting the lats off the 
wheel, t hen by putting on a filler of ·~ in. plate, which extends right across 
t he whc l, but is put on in two sections. This is held in I osition with 
a twitch until the first tyr is hrunk on. Then the tyres and fl anges 
a.re put on in sequence all by th method of !winking. 

Plates 7 and 8 show t he formation of a bearer, of which there are 
eight on each wheeL Two pieces of 6o lb. rail are rivetted to a teel 
plate, a piece cut ont of the web and the end t urned round, making a 
sort of .led about 4 ft . 6 in. long and a litt le onr rz in . \\·icle. That 
is attached to the wheel in the channels hown on Plate I. It is attached 
hy wire ropes. There is a bolt put through at each end and the necessary 
connections strung on t_o the bolt to take the wire ropes. 

Plate 9 is a diagramatic form o( the arrangemenl. The treads 
are shown in black on th near Side of the wheel, and those in broken 
lines arc on th far side of the whc I. Th attachment is made by taking 
two ropes from one end of the tread and one rope from the other end; 
the e are crossed under the bearer and attached to the wheel by a take-up 
hook that can be strained up. l:.ach tread is simply strung on to the 
wheel and is not hinged in the ordinary way. When the tread is either 
on top or below the \\·heel it occupies a symmetrically central position. 
\\'hen it is coming clown over the whe 1 its weight pull it out and the 
ropes cro s below the cent re of the tread. Coming further clown, as 
shown in clotted lin s. they ove rlap more . lt will be seen that a th 
whe I r vo lves these treads automatically come into the best position 
for the wheel to take t hem. They pick up in the ame way. When 
they come to the top they co m into a central position . The principle 
is. of course. limited in applicat ion, a regards speed. It will be seen 
at once that an arrangement of that so rt \rould flog very considerably 
if any great speed wer attempted, but at a pace of on and a-half or two 
miles they are quite afe . The machine is always running on a set of 
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rails. Furthermore, unlike a locomotive, it is attached t o the rails, 
and if through any extra heavy pull the wheel tends to s]jp, a pull is 
immediat ely put on the two attaching wire ropes and the machine draws 
itself along to the end of t he tread. There are eight treads on the wheel, 
in order t hat t h re may be always one in a practically cent ral posit ion 
under the wheel. 

The traction engine used had to be adapted t o sui t the circum tances. 
(Plate ro) . There i. a ve ry heayy pull on the engine at t imes and 
under ordinary arrangement the ordinary traction engine, with the 
wheels right underneath the front of the boiler , is rather apt to rear. 
Furthermore, it is necessary to get the axle and wheels well in front in 
order to keep the scrub a way from the engine, because it mu t be r -
memberecl that even in the thi ckest scrub the engine drives direct into 
it. Most scrub rolling plants are designed on the sicle-.pull arrangement, 
simil ar , for in. t ance . t o the arrangement of a reaper and bin der where 
t he power is applied along the· line last cut ; bu t with this machine it 
is necessary to go straight into th . cru b. 1\: o\\' , this machine wa- alter d 
to this extent that a bracket was put on to the front o f the engine and 
t he king-pins I n~thenerl so mewh at in ord r to br ing th boiler horizontal. 

Pl at s II an I I 2 giv an idea of t he work done. Members will see the 
size of th timber in th foreground. This is moort tim ber, running 
up to about 40 ft. 

The view taken is of one run of the scrub roller. It is about 58 ft. 
wide. The machine simply went through tha t n e and produced the 
resnlt shown. A. will l e ·een, t h timb r is , . r\' t hi ck . The t imber 
on the n ar . ide of the pi ture was too clen. e for an~·bocly to \\'a lk through. 

P E RFOR MAN E 0~ P LAST. 

With these attachments the engin requires only a f ,,. pounds of 
steam \\'h n running light. . h levelop. about 45 horse-po\\'er , and at 
least 40 horse-pow r i available fo r t rac li,·e purposes . The plant has 
rolled as much as fi ve acr s per hour ,,-ith a water consum ption of about 
eighty gallons. 

It has been found that one man ,,·ould t ake fi " we ks to cut the 
timber on a similar area, consequently the gain in SI eed of op rations is 
enormous. T\\'0 men are r quir cl t o run t he plan t , exclu v ie of wate r 
carting, and th e total c st p r clay fo r actual rolling only amounts to a 
fe w shillings. The pl ant rolls the scrub cl own in a thi ck mat, \\'hi ch is 
the exact conditi on req uir cl for success ful burning off. 

There is a large demand for this \\'Ork and t \\'o more pla nts ar now 
about ready to put in commission. It is certain th at twelve months 
hence there will be a new agricultural territory ad led t o t he \\'heat lands 
of the tate through the agency of these machines. 
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This completes the description of the machine, which embodies the 
first type of track laying attachment. 

The second machine is designed for entirely different work. It 
has been recently imported by the Government for use in connection 
with the drainage works in the south-west of this State, including the 
laying of agricultural drain pipes. The plant is termed the Austin Ditcher. 

Plate I3 gives a perspective view of the machine. It is to all intents 
a land dredge, mounted on a pair of catterpillar platforms and driven by 
a 40 horse-power petrol engine. It can make a trench r6 ft. deep with 
vertical sides. There are buckets arranged exactly like a dredge on a 
chain of big links. The ladder is raised and lowered by a temper screw 
The top of the screw can be seen above the machine. That is worked 
by the main engine by an ordinary arrangement of double bevel gear ; 
one set raises, and the other set lowers. The point of the machine, with 
the tumbler on it, is raised or lowered into the ground. The main part of 
the gear is on the after part of the machine, over the catterpillar platforms. 

The engine mounted forward drives a fore and aft shaft, which 
is connected with bevel gear to a cross shaft, carrying a pulley, which 
belt drives a pulley on the main gear. There is a chain drive for the dredge 
part of the machine. There is nothing particular about the steering 
arrangements. The buckets (P late I4) are of the open type and there is 
a positive cleaning arrangement below the top tumbler, which wipes 
out each bucket as it passes. The material drop on to a transverse 
belt, the end of which is hown. This belt can be run out or back as 
is required and delivers on either side. Of course, with various classes 
of material it is necessary to vary the traversing speed. That is done 
by changes of gear. There are several sets of gear, that can be altered 
to suit the particular cla s of country in which the machine is working. 

Plates rs and r6 illustrate the catterpillar platform, formed of 
Or gon sections plated on the bottom and connected each by three links, 
a link near each end, and a heavy central link, open in the centre, to 
receive a sprocket driving wheel. The driving wheel is simply a big 
sprocket wheel driving in the centre link. There are two plain idler 
vvheels and one sprocket idler. Throughout this machine all the heavy 
wearing parts, such as the pins on the excavati ng portion of the machine 
and those on the catterpillar platform are of manganese steel. The 
job, like most American plants, i fairly roughly finished, but the material 
appears to be very first-class. The platform is about 4 ft. long and 
~bout 2 ft. wide. 

The main point about the buckets is that they have three manganees 
steel teeth, which do the heavy work. The bucket brings up its load and 
there is a heavy wiper, roughly shaped to the bucket, which runs through 
it as it turns on the top of the tumbler, and in that way causes it to be 



ON SOME ASPECTS OF E1 GINEERING AS APPLIED TO AGRICULTURE. 69 

absolutely positive emptying. The wiper is fixed with a spring connection 
so that it will give during the run through, in case it strikes anything 
very hard, to prevent any breaks. Members will see, of course, that 
so far as the plant has been described it will cut only a vertical-sided 
trench, but there are side cutter attachments which have a batter of half 
to one. Those are put on to the main ladder and they are operative 
for about six feet deep. That is, if a trench is required up to six feet 
deep it can be battered. Anything below that is straight-sided. That 
is a drawback in some cases, but in most of the · South-\Vest lands the 
drains that have already been cut there, i.e. , the smaller ize drains, 
are all practically straight-sided. 

There are three changes of buckets. The smaller size is 15 inches 
across and the larger is z6 ; consequently, it can be seen that a fairly 
big channel can be cut if required by putting on the large-sized buckets 
and spreading out the side cutters as far as they will go. 

There is a further arrangement which has not been obtained with 
this machine, but which, according to all reports, is very useful. The 
machine, amongst other things, is useful for cutting trenches, for laying 
agricultural drain pipes. The attachment is a flexible tube through 
which the drain pipe is served down into position as the machine works 
along. There is a semicircular tooth put in the centre of each bucket, 
the size of which conforms to the size of the drain pipe to be laid. That 
cuts a small semicircular gullet in the bottom of the drain, and the pipe 
runs into that. So far that portion of the machine has not been applied, 
but it is proposed to obtain one and use it . This machine has only just 
been vut into commission, but there is no doubt of the suitability of 
the design 

There has been no difficulty in conveying the machine along very 
wet ground indeed. In several cases where it has had to be shifted 
for some miles, there are places where drays have been bogged and traction 
engines have also sunk right down, but this machine has been able to 
travel over the top. 

It therefore appears that this particular type of self-laying track 
is also going to be of great use. I think there is very little doubt that 
it will be availed of very largely in this State. 

A similar plant in South Australia has demonstrated the pos~ibility 
of excavating ditches at a cost of ztd. per cubic yard, inclusive of de­
preciation and all other charges. So far as the plant ha~ been tried 
it shows a marvellous speed in excavating. 
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DETAILED DE CRIPTIO~ OF PLATE 

Plate r. - Moort crub. These tree are in many cases 30 to 40 feet 
high. This is a fairly goo l ample. It will be seen that it would be 
rather a difficult matter to take an ordinary traction engine or other 
engine through that without any gearing behind it . 

Plate 2 shows the general arrangement of the plant. The traction 
engine dra\ving a girder 50 fe t long made up in two parts. There are 
traction engine wheels-old wheel on each end. These are put on two 
axles which are bolted on to the " ·eb of the girder. Thi shorter girder 
i a smaller one and the arrangement a hown there i for the plant in 
u. c on the lighter types of scrub. Wh n very heavy scrub is taken this 
big spreader is used by its lf. As will be een there are two rollers \vhich 
ar hung to the girder. Each of those rollers arc 25 feet long, they are 
3 ft. 6 in. in diameter and are built of · in. boiler plate. The engine is 
equipped specially for the purpo e with t rack laying apparatu . 

I late 3 - This i an nd Yiew of the roller just as th e) are con­
tructccl. They are Yery imply equipped. There i a cros put in at 

th end , of boiler p late, with a bearing in the centre. An inside bearing 
on a imilar cross is apparent at the end of my tick. The axles are 
imply-+ in teel rods bent to a right-angle. The axle i slipped into the 

bearing . There is a hackle placed on th other encl . That axle i not 
fa t in any way and is fitt ed in that way particularly so that it will pull 
out if anything happ ns. If a rope happens to break no harm will come 
to the roller. The other axle will pull out and there be no further break­
age . 

I late 4 - You will see this i the traction engin e. The tread which 
ar u e I in connection with the work are shown on the wh el. Th ere 
arc eight of these thread , which I will illustrate later on . Four of them 
ar on each icle of the " ·heel, which i divid ed into two channel . There 
arc four on thi id and four on that. I would draw attention to the 
timb r buff r, which i bolted in fro nt of the engin e to prot et th mok e 
tack and cylinders. That can be en dimly . That i simply a big 

log that is bolt cl in front in order to breast the tiJnb r and prevent it 
interfering \\'ith th front part of th engine. :\ later cle ign is rather 
more labo rate, but the am principl exists. 

Plate s .- This is a photo. of the wheel. It will be remembered that 
an ordinary traction engin e is fitted with diagonal slat . Those have to 
b cut off and the wheel i built up in th e form hown - togcther by the 

hrinking on o[ tyr . Thcr ar four tyr s and four flange . The next 
illu tration will show th at more clearl y . 

Plate 6.-The tyre can b cen lwr . There i a corrc poncling ty re 
just in idc that fl ang . Th r i a sEght break and th n two mor tyres . 
The r suit i hat the whc 1 is d ivicl cl into two d istinct chann els. It 
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might have been possible, of course, to bend channel ;ron and put it on 
to a wheel and get something like the same result. The point about the 
separate tyres and flanges is that th y are simply shrunk on and they 
stay on very well, but if there is undue wear in any part it is a very easy 
matter to remove the particular member and put on another one. That 
is all built up first by cutting the slat off the wheel, then by putting a 
filler of '~- in . plate, which extends right across the wheel, but i put on 
in two section . That is held in position with a twitch until the first 
tyre is hrunk on. Then the tyres and flanges are put on in sequence 
all by the method of shrinkin g. The main point which I wish to illu tr:,~te 
is that there are two distinct channel with a tyre for a rail to bear on on 
each idc of each channel and with flange to prevent the treads from 
coming off. 

Plate 7. - That is a view of one of the treads; and this is th bole 
of a 6o lb. rail. The two rails are riveted to a plate, which we will c 
better in the nc.· t plate. 

Plate .- You can cc th rail plate at the bottom and slats riveted 
underneath. The nd is turn d up. The piece cut out of the fiange 
o( the rail and th web an l the end turn cl round, making a ort o( slcd 
ab ut 4 ft. 6 in. long and a little over rz in. wide. That is atta hed to 
the wheel in th chann 1 whi h I hav hown. It is attached by wire 
rop . Th r i a hole put through at ach cml and th nccc sary con­
nection trung on to the bolt to take the wire rope . 

Plate 9.-This is a diagramatic form of the arrangement. The treads 
of the threads ho\\·s in black rails on the insid of the wheel and tho e 
in broken lines are on the far side of the wheel. Four of the hrok n lines 
and four of the firm Iincs. The attachment is male by taking two ropes 
from th n l of thi tread, running them round the ,·heel and th rough 
tit ' wh cl at a point about here. Those arc impl · rings and attached 
to hooks at ach end. The hook in id the whc l i a tak -up hook that 
can be trained up to kc p the hook clos cl. Thcr arc two oth 1 .. at 
this encl. They ro s th pair I cl scrib cl an cl also m a I fa t through the 
wheel, o that ach tread is simply strung on to th wheel and is not 
hinged in th ordinary way. \\ 'hen th ' tread is either on top or below 
th wheel it occupic a ymmctrically cnt ral po ·ition. \\' hen it is coming 
down over the wheel its weight pull it out and the rope cro ::. below 
the centre of th tr ad. oming furth r clown, a hown on that dotted 
line, th y o,· rlap mor . Th cros ing of the ropes ovcrla] furth r from 
the ccntr , so that it \\'ill b ccn that as the wheel revolves tho.c treads 
automati ally ome into th best position for the whc I to tak them. 
They pick up in the same way. \Vhcn they com to the top th y come 
into a central po ition. That is the whole arrangement as rcgar l the 
tr ad. They arc, of cour c, limited in application as regards sp d. 
It \\'ill be seen at once that an arragn ment of that ort woul I flog very 
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considerably if any great speed were attempted, but at a pace of I ~ or 2 
miles they are quite safe . It will also be noticed that by the arrangement 
t he machine is always running on a set of rails. Furthermore, and like a 
locomotive, it is attached to the rails, because if through any extra heavy 
pull the wheel t ends to slip a pull is immediately put on the two wire 
ropes running to this end and the machine draws itself along to t he 
end of the tread . There are eight treads on the wheel, in order th at there 
may be always one in a practically central position to t he wheel. It 
will be seen that one t read is just coming under t he wheel, while another 
one is going out and one is right under. "ith the arrangement of 
eight treads to each wheel the machine is always right on the top of a 
fi r t -class road . There is, of course, ample bearing provided by the t read. 

Plate 10 .- The t raction ngine which was used had to be adapted 
to suit the circumstances. There is a very heavy pull on the engine at 
tim es and under ordinary arrangement the ordinary traction engine with 
t he wheels right underneath the front of the -boiler , i rather apt to rear 
Furthermore it is necessary to get the axle and wheels well in front in 
order to keep the scrub away from the engine, because it must be re­
m mbered that even in the thickest scrub the engine drives direct into it. 
Most crub rolling plants are designed on the side-pull arrangement , 
similar, for inst ance, to the arrangement of a reaper and binder, where 
the power is applied along the line last cut ; but with this machine it is 
nece sary to go st raight into the scrub . ow this machine was altered 
to thi extent, that a bracket was put on to the front of the engine, another 
bracket here, lengthened somewhat in order to bring the boiler ho1izontal. 
There was a certain amount of distortion from the horizontal caused by 
placing the engine upon the treads. This bracket was made sufficiently 
high to bring t hi end of the engine up and the bolt goes to t his bracket. 

P late II.- This gives some idea of the work done. Members will 
see the ize of the t imber here in the foreground . This is moort timber, 
running up to about 40 ft . 

Plate 12.- This is a view t aken of one run of t he crub roller . It is 
about 58 ft. wide. The machin e simply went through that once and 
produced that result . As will be seen, the timber is very thick. This 
t imber on this side was too t hick fo r anybody to walk t hrough. It would 
be a difficult matter to walk through any of that . That represents the 
heavier type of work which is to be clone. 

Plate 13. - The Austin Ditcher . It is to all intents and purposes a 
land dredge. It is mounted on a pair of caterpillar platforms and driven 
by a 40 horse-power petrol engine. It can make a t rench 16 ft. deep 
with vertical sides. Thi is the ladder. There are buckets arranged 
exactly like a dredge on a· chain of big links. The ladder is rai eel and 
lowered by a t mper screw. The top of the screw can be seen above the 
machine. That is worked by the main engine by bevel gear Jhe 
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ordinary arrangement of bevel gear, so that one side runs forward and the 
other side lowers. The point of the machine, with the tumbler on it, is 
raised or lowered into the ground. The main part of th gear is forward 
gear, on the after part of the machine rather over the catterpillar plat­
forms . 

Plate 14.- This is the bucket. The m ain point about it is that it 
ha manganese steel teeth. Three teeth bolted on. Tho e do the heavy 
work. The bucket, a I have aid before, is an open bucket. It simply 
brings up i t load and there is a heavy wiper, roughly shaped to the bucket, 
which runs through the bucket a it turns on the top of the tumbler, and 
in that way, of course, it is absolutely positive emptying. The cleaner 
i fixed with a spring connection, so that it will give during the run through, 
in case it strikes anything very hard, to prevent any breaks. Member 
will see, of course, that so far as the plant has been described it " -ill cut 
only a vertical ided trench , but th re are side cutter attachments which 
have a batter of half to one. Those are put on to the main lad !er and 
they are operative for about ix feet cl ep. That is if a trench is required 
up to six feet deep it can be batter cl. Anything below that is straight 
ide !. That is a drawback in ome cases, but in most of the outh-west 

lands the drains that have alr ady been cut there are the maller iz drain 
which are all practically straight ided. There are three changes of bucket . 
The smaller size is 15 inches acro and the larger i z6 ; consequently 
it can be seen that a fairly big channel can be cut if required by putting 
on the large sized buckets and spreading out the side cutter as far a they 
will go. Members will see that the side cutter imply draws behind and 
slices off on both sides of the trench which is already cut. 

Plate rs .-This is one view of the catterpillar platform. The engine 
is mounted here, drives a 4i in. shaft, which is conn cted \vith bevel gear 
to a cross shaft. The driving belt i on the other side of the machine. 

chain can be een here, which i the chain drive for th dredge part of 
the machine. The s teering: there is nothing particular out of the way 
about that- the ordinary teering arrangements . The xcavated material 
i brought up by the buckets . Th y are of the open type and there i 
a positive cleaning arrang ment at the top which wipes out each 
bucket as it passe . The material drops on to a transverse belt, the end 
of which is seen. That belt can be run out or back as is required 
and delivers out on either side. Of course with various classes of material 
it is neces ary to vary the traversing . peed . That is done by changed 
g ar. There are several ets of gear in connection ·with this chain, which 
i the main driving chain, that can be altered to suit the particular cla s 
of country in which the machine i working. 

Plate r6.- This illustrate another vie'vv of the catterpillar platform. 
There are oregon sections plated on the bottom and they are connected 
each by three links, a link near each end, and a heavy central link, open 
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~n the c~ntre, to _receive a sprocket driving wheel. The driving wheel 
JS at th1 end s1mply a big sprocket wheel driving in the chain. 
The m~chine i~ driven by ordinary chain gear and I may say that through­
out th1s machme all the heavy wearing parts, such as the pins on the 
excavating portion of the machine and those on the catterpillar platform, 
are of mangane e steel. The job, lik e most American plants, is fairly 
roughly finished, but the material appears to be very first-class. That 
platform i al out 4 ft. long an l about 2 ft. wide. 

There i a further arrangement which has not been obtained with 
this machine, but which, according to all reports, is very useful. The 
machine, amongst other things, i useful for cutting trenches, for laying 
agricultural drain pipes. The attachment is a flexible tube through 
\\'hich the drain pipe i erved down into position as the machine works 
along There is a semi-circular tooth put in the centre of each bucket, the 
ize of which conform to the sizes of the drain pipe to be laid. That cuts 

a smaller semicircular opening in the bottom of the drain and the pipe 
runs into that. So far that portion of the machine ha not been applied, 
but it i proposed to obtain one and use it. This machine has only ju t 
been put into commi sion, but th r is no doubt of the uitability of the 
design . There has been no difficulty in conveying the machine from 
very wet around indee I. In seYeral ea es. where it has had to be hifted 
for " ome mile , th re are place. wher drays have been bogged and traction 

ngines have also sunk right down, this machine has been able to travel 
ov r the top. So far as means of propulsion, it appears that thi particular 
type of s ]f-laying track i also going to be of gr at use. I think there 
is very little doubt that it will be availed of very largely in this State. 

Drscus ION. 

:'IIR. ]. F. RAM BOTHA:M aid he would like to ask whether brake or 
indicated hor e power is referred to for the dredger for excavating drains . 
Th n I notice that the bucket have three mangane e steel teeth. Tho e 
teeth were tried in England for a dredger, certainly with greater horse 
power, an l \vere found un uccessful a they damaged the lips of the 
buckets underneath ; the teeth pulled out. I hould also like to a k 
what is the capacity of the buckets on the dredger, because the price 
given strike me a very low indeed-so lovv, in fact, that it i lower than 
any price we have done in Englan l, where labor was not half so expensive 
and working in an open excavation. I think the lowest we ever had wa 
4d . per yar l. The dredging of mud, the ea iest and best dredging we had 
was r~ l. per yard . I should al o like to ask if the dredger has variable 
speeds for dredging in hard or oft material. The buckets that we had 
were 20 cu. ft. for hard material and 54 cu . ft. for soft material so that 
makes the price per cubic yard seem all the lower. I enjoyed very much 
listening to the paper and certainly the interest was very considerably 
added to by the slides. 
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MR. W. H. HIELDS said he could not quite grasp the idea of the 
fix ing of the treads. 

MR. ]. \~T. R. GARDAM said he would like to ask Mr. Oldham, in the 
matter of dredging, whether this most interesting but at the same time 
elaborate contrivance of a sea dredge on land is as successful as the method 
they are adopting in the Eastern States, which is shooting out by explo­
sives. It is quite simply clone there-they only put a plug in there about 
e\'ery ro ft., I suppose a succession of them, and the fi rst shot, by con­
cu sion, fires the rest of the shots, and the ditch is very cheaply cut in 
that manner. I was wondering if he had heard anything of that explo ive 
way of cutting ditches. 

MR. H. 0LDHAlVI, in replying to the various questions and remarks, 
said Mr. Ramsbotham wished to know what particular class of horse­
power was quoted. That which I quat cl was the brake borse-po\\·er. 
As regards the use of the manganese steel teeth, of cour e it i to be re­
membered that t he buckets, as compared with t he buckets on an ordinary 
sea dredge, are Yery small, and as i almo. t invariably the case, being 
Yery m uch small er they are very much stouter in p roportion. I do not 
think there would be any difficulty as regards the tearing out of the 
teeth. Again, t he buckets are of \'ery mall capacity-not much more, I 
should say, that half a cubic foot. They are spaced pretty close and the 
chain travels very much faster than an ordinary d redge chain, the result 
being that the machine comes up in efficiency and output. Then 
a r gards the question of feed or pecd, there is only one speed on the 
chain, that is only one speed on the d redge chain, but the re are several 
Yariations of speed as regards propulsion. Those, as I explained when 
giving the paper •. are not made in the familiar way in connection with 
motor cars by automatic changes of speed , bu t gears on chains exactly 
like th e chains here ar found to be more useful in that way. .Although 
most of the \Vest Australian coun t ry Yaries omewhat in character, yet 
the machine of course moves pretty lowly and so far very littl e difficulty 
has been found in ad justing the speed to uit th different class of country, 
simply by the method of knocking off the existing wheels and putting on 
change gear to either accelerate or make th e spee 1 slower. A regards 
Mr. Shields' question r garding the fixing of the treads : those are slung 
on t the wheel. The action is that ,,·ben the wheel turns and the tread 
comes here the crossing of the ropes is clown here on the other point in­
stead of in the centre. When it is und erneath the crossing is in the 
middle. It will be seen when that wheel turns if there is any slip a t all 
it very soon takes up on th two ropes that are pulling. There are two 
ropes, two drivers and a single rope to counteract. On the question 
raised by Mr. Gardam, comparing the method of dredging as compared 
vvith the shooting, I know the shooting method. Dynamite is being 
very largely used in those ways, also in a way we never dreamt of a few 
years ago, that is for shooting out holes to plant trees in . As far as I 
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understand, the difficulty in connection with the shooting of htches is, 
of course, that it is difficult to arrange the plugs to shoot a good section 
of the ditch. It is simply a question of hooting out and straightening 
up afterwards. In clay it is to open up the soil and assist percolation 
to some extent. A to the question of cost, I saw th figures as regards 
the cost of the machine working in outh Australia on the Murray Flats, 
and a far as I can see everything including lepr ciation and working, 
expense , repair , etc., was includ d. Those figure certainly howed 
the very low eo t of zd. a yard and I think it is quite possibl . I think 
I shall be able to show with the machine I have in use the ame thing 
can be done. Of course, there i a good deal of differ nee between this 
class of machine and a dredge. A dredge very often, working at a depth, 
say, of 20 or 30 ft . below the m·face of the sea, could not be run fa t 
even if it were designed to be running at a greater speed than usual. 
It is impossible to ay what obstacle may be run against and there is a 
possibi li ty of breakage, whereas in working in a trench where the cut of 
the bucket runs from the bottom of the trench to the top on the slope it 
is po ible to adjust the teeth so that there i only a slight skimming. 
I think I shall be able to produce figures later on for the infonnatioJ! of 
any person inter ted. Regarding those figur s quoted, I fancy the thing 
can be clone. 



EARLY HI. TORY OF THE FREMANTLE GRAVI G DOCK. 

(BY \~ . H. SHIELDS). 

The author admits, while he may appear to claim certain designs, 
that any great conception to be highly successful must bear the tamp 
of many minds. A departmental work has in this direction pas ibilities 
upon which the private practitioner must always cast envious eyes, 
and on the work of the Fremantle Graving Dock all these sources have 
been avai led of to th fullest extent. In thi direction not only was t he 
history, procedure and methods of construction, together with the 
resulting success or failur , both physically and commercially, of every 
dock ever constructerlwhereof a record could be fo und, carefullv investi­
gated. weighed and appropriated where thought advisable; but t-he autho1· 
was able to draw upon the hearty and sympathetic co-operation of his col­
leagues in the departments. besides the advice and help of those at the 
time respon. ible, namely, the late Mr. . Y. 0' onnor, hi s ucces or 
(Mr. Palmer), and the present Engineer-in-Chief, Mr. Thomp on ; a] eo 
the late Engineer for H arbors and Rivers, Mr. Dillon Bell. 

Besides all these there was advice from such English experts as 
Messrs. Coode, Son & .1atthew , and besid s their written words on the 
subj ect the author had the privilege of being closeted for days with Mr. 

rapier Bell and with , ir Whately Eliot . during which time practi cally 
every detail of the work and m thocl. of construction were discussed. 

To Mr. Turnbull, who when the clock became a burning question in 
1907 was speciall y named to carry out the designs in conjunction with 
the author, is clue many a suggestion the result of much painstaking 
research. 

The eo-lateral branches were also undertaken by experts. When it 
came to the question of workshops, machinery, crane , etc., besides 
having the written literatur on the subject, Mr. Leslie (Past-President 
of this Institution) lent his valuable assistance and experience, to which 
Mr. Hume, the hief Mechanical Engineer of the Railway Department, 
not only added his knowledge, experience and practical help, but became 
practically responsible for that part of the work as embodied in plans 
drawn up by Mr. Hi ggin . 

In like manner the Government E lectrician spent his time and talents 
on the electrical portion , uch as cranes, capstans, lighting, pumping, 
etc., tc. ; whi le everal of the best-known pump makers put in speci­
fications for the pumps and pumping plant, accompanied by sketch 
plans showing the space required, etc. 

77 
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All tllis is much a ' it sho uld be and mu t gi,•e splendid result from 
a Government point of vi w; but it has the defect that the individual 
becomes merged in the department, and in a certain measure loses his 
individuality. 

P rhaps some clay this diffi culty may be ov rcome, so that the praise 
or blame will be distributed to all taking part in a design proportionately 
to t heir share thcrrin. 

Sir \Vhately Eliot also most generously gave his serYices voluntarily 
and without charg for the benefit of this . tate by k eping up a con·es­
ponclence witlt and inviting the author to freely consult llim on all sorts 
of proposals re the dock, both general and detail. lVIr. Wentworth Shields, 
Engineer for Southampton, also freely rendered service, as did ~Ir. Wadclel , 
Engineer at Barry, 1\Ir. Thompson, Engineer of the C.S. ~avy Yard, 
Boston , l\lass., and others. 

From the time th author took chatge of the ". rk in I 98 until 
he surrendered if about t hr e 'Cars ago, the author alway had the 
most intimate and fr iendly relation with the Engineer-in- hief, Mr. 
Thomp on; whereby the work wa much facilitated, red tape being 
altogether avoided. 

My thanks are du to the Public Works Department for the loan of 
plans , and to llres r . Ru kin for photoo-raphing them at very short 
notic . 

In con idering a dock for any port, the first consideration is-Does the 
trade of the port warrant its construction? And in this light, if Fremantle 
be compared with other ports the answer cann ot be otherwise than 
favourable. 

J n the following table many of the port are only a f w miles from 
othet port with docks . Fremantle is absolutely isolated. (The e 
figure.., arc taken from the official files and are everal years old, witn 
the l'XCeption of Fremantl , which is taken from the newspaper account 
of the latest report). 

outh ampton, 3,8oo,ooo to ns of shipping .. 5 dock over 350ft. long. 
z docks under 350 ft. long. 
5 slips . 
5 gridiron . 

n this basis, Fremantle should have at least I3 docks and 5lips. 

1ewport, 2, JOO,ooo tons . . ... . .. . ..... . . 5 docks over 350 ft. long. 
2 docks under 350 ft. long. 
I gri diron. 
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wansea, 2,500,000 tons . . . . . . . . . . . . . . . . . 4 docks over 350 ft. long. 
5 docks und r 350 ft. long. 
I g1idiron. 

Manchester, 2,ooo,ooo tons 

Glasgow, 4,300,000 tons 

I dry dock over 350 It. long. 
2 floating docks. 

Other docks quite near. 

5 docks over 350 ft. long. 
3 lips. 

Leith, 2,ooo,ooo tons . . . . . . . . . . . . . . . . . . . I dock over 350 ft. long. 
6 docks under 350 ft. long. 

London, I9,Ioo,ooo tons . .. . .... . .. . ... . 

Liverpool, I9,50o,ooo tons .............. . 

Cardiff, I3,200,ooo tons . .. . .... . . . . . .. . 

ewcastle, including North and outh 
hields, g,ooo,ooo tons .. . .......... . 

Hull, 4,7oo,ooo tons . .. .. ....... . ..... . 

Grim by, I,7oo,ooo tons 

I3 graving docks over 350 ft. 
long. 

2 of them 846 ft. long. 
I5 dry docks under 350 ft. 

long. 
3 slip~ . 

IS dry docks over 350 ft. long 
4 of which are over goo ft. 
7 docks under 350 it. long. 
I slip. 
2 gridirons. 
There are other docks close by. 

9 docks over 350 ft. on floor. 
4 docks under 350 ft. on floor. 
2 floating docks. 
2 slips. 
2 gridirons. 

IO clocks over 350 it. long. 
I2 clock under 350 ft. long. _ 
8 floating docks. 
IS Slij ways. 
I gridiron. 

3 graving docks over 350 ft. 
long. 

6 graving clocks uncl r 350 ft. 
Iona. 

7 slips. 
3 docks over 350 ft. long. 
I pontoon clock. 
I slip. 
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Melbourne, 6,500,000 tons 

Sydney, s,goo,ooo tons ......... . .. .... . 

2 docks over 350 ft. long. 
r dock under 350 it. long. 
5 slipways. 

4 clocks over 350 ft . long. 
4 floating docks. 
3 slips. 

Mr. C. . Palmer in his report of December rst, rgo4, points out that 
it is uwal in the United Kingdom to provide one clock for every r8o,ooo 
tons calling at the port. 

From the figures in the above table, it will be evident that were there 
other docks as close to Fremantle as Claremont, Perth or Rockingham, 
the Port would be quite justified in having as many as a dozen docks, 
whereas it has none. 

How long can the traders and public of Western u tralia afford 
to pay higher freights and insurance fees between VVestern Australia and 
Europe than those charged frcm Melbourne or ydney to Europe ? 
Because such must always be the case where it is impossible to effect 
repair to a ship's hull locally. 

hortly after the opening of the bar had been started at Fremantle, 
the question of a graving dock was brought up by Mr. O'Connor asking 
the then resident engjneer, Mr. Dillon Bell, to report on a ~ite . About 
the nd of r894 Mr. Bell suggested building a wooden dock of jarrah, 
similar to some that had been built in the United tates for about half 
the eo: t of stone docks. He pro posed a site at Rous Head, the dock 
running straight in to the bank at about right-angles to the stream, the 
size proposed being 6oo ft. by roo it. 

In many old wet docks where land and wharfage were exc edingly 
valuable the dry docks were placed so as to occupy the least possible amount 
of wharf and were therefore put end on or facing a corner, the still water of 
the wet dock allowing the ships, which wer then small, to enter in almost 
any direction. At that time in Fremantle land and frontaaes were ot 
little value, while the rapidly growing size of ships, and the river currents, 
made it practically prohibitive for a ship to lie athwart the stream when 
ntering a dock. 

The pro posal to build a timber dock, on the precedent of some 
built in the United tates, where timber had only been u ed a a solid 
lining to a clay hole, without any neces~ity to make it water-tight, the 
entra,nce, d course, being of concrete was fallacious. 

Fortunately , these two fallacies were foreseen by the then Engineer­
in-Chief. 
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The English consulting engineer·, Messrs. Coo de, Son & Matthew , 
also agreed as to the unsuitability of timber for even a smaU dock in 
porous .>trata, such as exist at Fremantle. 

It is probably now well known that wood-lin d dock did 
not prove a success even where t_he strata were suitable, one having 
been burned and one or two collapsed, whil the maintenance was so 
enormous that the timber was replaced by masonry. 

The following information, gleaned from the Scientific American, is 
instructive :-
Co t of maintaining three stone docks from r8gz to r899 .... . 
Cost of maintaining three wooden dock from r 92 to r899 ... . 
Be.>ides $6oo,ooo spent on reconstructing that at Brooklyn.-

4.543 
426,073 

cientific A me1'ican, Oct. 2oth, rgoo. 

Floating docks were at thi time (early in r895) al o considered• 
but the idea wa" not very favorably received by the English consulting 
ngineers on account of the difficulty of docking, painting, cleaning, and 

repairing the floating dock 

In July, r895, Mr. O'Connor, when in tructing Mr. Dillon Bell to 
have borings made over the propo~ed dock and lip ~ i te, after discussing 
the necessity for both, st ates, inter alia:--

" Will you, therefore, please have borings made accotdingly on the 
area of the proposed reclamation near Rous Head .... . being probably 
the most convenient, and it seems to me that convenience of situation 
is almost the only ·point to be studied, as there is, I fancy, very little 
advantage as regards probable cost in any one site over any other." 

The bores were put down under the charge of Mr. Frank Reed, and 
proved the rock near Rous Head to be what is known as a " coralline 
rag" interbedded with b ds of seaweed and sand, with occasional small 
lenticular beds of clay, the whole being abo ut as watertight as a good 
sponge. 

Captain Russell, R. ., at that time harbor master at Fremantle 
(. ugust, r 8gs). pointed out, as h~d already been done by Mr. O'Connor, 
that t he slip and dock should be alongside of each other, and he (Capt. 
Russell ) wo uld pref r them nearly parallel to the root of the orth Mole. 

In J uly, r8g6, Mr. apier Bell entered upon his task of deigning a 
graving dock for F remantle. 

About this ti me bores were completed at a site on the north ide 
of the river just west of the R ailway Btidge. These proved the trata 
to be sand for a depth of roo feet below L. \Y.l\1., and where the sand 
was passed through it was found to be underlaid by mud. Mr. McDonald 
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who put down the bores, considered further borings a waste of money 
as he did not think a dock could be built there other than a wooden dock. 

Mr. apier Bell completed his plans, specification and report about 
the end of December, r8g6. 

The following extract is from Mr. Napier Bell's report:-
"The best site is on the south side just above the railway bridge. 

Here a dock might have been built on the solid limestone, and a deep 
channel dredged into your intended channel in the inner harbor ; but 
I presume that the bridge and the interests connected with the railway 
in its present position put this site out of the question. 

"The site on the north side of the river near and below the railway 
bridge is sand for about roo feet. . . . . There is ample room for all 
purposes and that is about all there is to recommend it. . . . . . I think 
it is likely that much trouble, expense and risk would be incurred in 
getting foundations on running sand under 38 feet of water. . . . . The 
pu,mps wMtld draw q~tantities of sand with the pumped water. Such a 
state of things usually gives great trouble, causing the work to be under­
mined by the pumping necessary to keep the foundations dry clming 
construction . This, although sand is a good foundation if it is quiet and 
undist1,trbed, great delay and co.>t might have to be incurred to get the 
foundations successfully laid, although if once that were done, no doubt 
the dock once made all \\"Oulcl be right afterward>. . . . . . The ,;ite 
at Rous Head has also its defect.;, but I don't think they are so serious 
as might be met with at the bridge site. 

" The defects are uncertainty of the strata, layers of sand and soft 
stone being intermixed and irregular, but as far as can be ascertained 
the foundations will all come on good hard limestone." 

The dimensions of this design were as follows :-Length, 560 with 
caison on inner stop, 590 with caison on outer stop ; width of entrance, 
8o ; depth on sill, z8. 

In June, 1897, the Admiralty were approached for a subsidy, and 
in July Mr. Coocle was asked to aclvis as to pump;; while in the s-ame 
month Messrs. Clark and Stanfielcl forwarded plans for a self-propelling 
floating clock capable of lifting a second-clas cruiser. 

The question of a floating dock had been a matter under discussion 
early in r8gs , but had not at that time been favorably entertained by 
the Consulting Engineers. Messrs. J. W. Henclerson and Captain Laurie 
had also in r895 ofiered the Government an option over a ;econcl-hancl 
floating dock then lying in Sydney Harbor. 

Messrs. Coocle, Son & Matthews advised .the use of three 33-inch 
pumps with disks 6 ft. 6 in. in diameter of r65 revolutions per minute, 
capable of emptying the clock designed by Mr. T a pier Bell, and containing 
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rz,ooo,ooo gallon , in four hours , the drain age pump to have a 4 ft. disk. 
each pump to be driven by one cylinder 20 in. diameter, 22 in. stroke, 
using steam at roo lb. pres-;u re per sq. in., furnished by three boiler 
7 ft. 6 in. diameter, 30 ft. long, a 5 ft. boiler 20 ft. long servina for the 
drainage pump. 

\ di cussion followed as to the advi ability of using triple-expansion 
engine;, but ::\1essrs. Coodc, on & 1atthew considered that the extra 
cost and complicity of tri ple-expan,ion engines did not wan ant their 
use for a pumping plant running so intermittent!.\· as the pumping plant 
of a dock. 

In 1\ovember, r8g7, the Lords Co mmisc;ioner , of the Admiralty 
expressed their thanks for the opportunity they had been gi,·en for con-
idering the matter, but regretted that in vie\\· of the many serious ex­

pense they had to m et at the present time they were unable to make 
a grant to\\'ards the undertaking. They were also of the opinion that 
a h1ercantilc dock would probably meet all present naval requirements . 

. \ bout the same time .:\Ir. O'Connor wrote to ::\ir. rapier Bell a de­
s ription of a method h had seen employed to const ruct a large dock 
at Gla.sgo"·· where the foundations \\ ere in Yery porou.> material -. lie 
asks l\I1. Tapier Bell if he kn0\1' of or considers there i:; any spec;ial feature 
at Fremantle that would preclude the adoption of simi lar tactics ,,·ith 
equally marked success for the site in sand near the upper end of the 
harbor. Mr. O'Connor pointed out that t he evidence discovered at 
Fremantle points to a successful issue. 

Briefly, the method employed was to­

rst. Dredge out the site ; 
znd. Lay concrete under water to fo rm a light outer shell ; 
3rd. Pump in sand and gravel, to lend stability; 
4th. Excavate in the sand and gravel filling a narrow strip 

across the dock, and after caulking the leaks in that 
strip to complete in the dry that strip of the dock ; 

5th. Complete the dock by proceeding with another strip as 
soon as the last strip was complete. 

It may here be remarked that except where there is a definite small 
hole that can be literally caulked, this stoppage of leaks could not be 
accomplished against a head of ·water or by trying to force grout down 
behind the leak while the water is kept down inside the excavation ; but 
is accomplished by enclosing the leak by a pipe, freely drained until its 
cement connection with the surrounding concrete has set. The drainage 
tube is then closed and the water allo·wed to find its own level in the 
caisson tube. Then and only then can cement be forced into the leak 
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through a small pipe inside the main pipe, and this must haYe time to 
set before the tube with the equilibrating column of water can be re­
moved. 

Sometimes in rock or other impervious medium a small spring or 
even soakage occurs, whose hydrostatic head cannot be reached within 
any reasonable height, and it has been found that the most economical 
and probably the most efficient method of dealing with such cases is 
to provide a permanent drainage tube and gutter to lead the water to 
the drainage pump sump. 

On the 25th of January, r8g8, Mr. O'Connor again wrote to Mr. 
Napier Bell, and points out that they are dredging sand at the site he 
proposed for the dock at Rous Head, hitherto supposed to be rock. He 
proceeds:-

11 This, I think, shows how delusive it would be to suppose that an 
excavation for dock site at that place would be entirely in rock, and 
bears out what I always believed to be the case, that there are large 
fissures in this rock fill ed with sand, through which the water would 
come when we came to excavate the dock site, just as freely as through 
the sand at site proposed near railway bridge, and that being so, I cannot 
see where the advantage would come in of going to the extra expense of 
dredging dock site mostly through rock, as compared with the cost of 
dredging it where it is all sand." 

Mr. Tapier Bell, replying to Mr. O'Connor on February zrst, r8g8, 
states, inter alia, that he still believed in the safety of the Rous Head 
site, or the south side above the railway bridge. He also remarked: -

11 • • • • • Apart from my natural fear for recommending a foundation 
in roo ft. of sand, I say that where there vvas any choice very engineer 
would choose the rock foundation in preference, and only if there '~as 
no choice would one tackle the sand. In th sand ) ou must dredge out 
the required opening, leaving the water undisturbed; then drive close 
sheet piling 30 ft. long without joint round and enclosing the entire 
structure ; pumping well caisson chamber, all enclosed ; then lay under 
water the entire bottom with thick concrete, and such concrete laid 
under water is poor stuff usually ; and then start to pump and during 
the pumping you must wall, strut and caulk the piling. When the 
pumping ha:; lowered the water ro ft. or se the sand wilt PO?·W up beb~een 
the piles and the rough concrete, undermining and cracking it, and through 
the cracks more sand wilt flow 1-tp with the water rising from the bottom 
and undermining the floor still more. .. . ." 

Both authorities distinctly saw these points, with this difference, 
that while Mr. apier Bell hoped from the hard nodules met in boring 
that the limestone bore some re emblance to the rock ordinarily called 
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by that name, and would consequently prove reasonably staunch, Mr. 
O'Connor distinctly saw that the rock would prove no easier to deal with 
than would a bed of pure sand roo feet deep; in fact, he points out that the 
greater ease with which sand could be dredged would turn the balance 
in favor of the sand site. And the ridiculously low figure (compared to 
rock) at which sand can be dredged allowed, as will be seen subsequently, 
a very much safer not to say an absolutely safe method to be employed 
when adapting Mr. apier B ll 's design to a sand site. On the following 
clauses hang, therefore, for good or ill the whole history of the Fremantle 
dock, for they apply to any and all known sites in the immediate neighbor­
hood of Fremantle :-

Mr. O'Connor, January zsth, r8g8 :-"This, I think, shows how 
deluoive it would be to suppose that an excavation for dock site at that 
place (Rous Head) would be entirely in rock, and bears out what I always 
believed to be the case, that there are large fissures in this rock, filled 
with sand, through which the water would come when we came to ex­
cavate the dock site just as freely as through the sand at site proposed 
near railway bridge." · 

Mr. Napier BelJ, February zrst, r8g8 :-"When the pumping has 
lowered the water ro ft. or so the sand will pou,r up between the piles 
and the rough concrete, u-ndermining and cracking it, and through the 
cracks more sand will flow 1-tp with the ·water rising from the bottom 1-tnder­
mining the floor still more."* 

During the fo llowing eleven and a-half years, while the author was 
interested if). the Fremantle dock in its various phases, proposed positions, 
and vicissitudes, these truths which t horoughly conformed with his own 
experience were never lost sight of, viz. :-

rst. That the water must remain undisturbed and quiescent 
during the deposition of the concrete shell; 

znd. That no pumping should be attempted until the outer 
shell was complete. 

About this time Mr. Thompson instructed the author to amend 
Mr. N a pier Bell's plans to suit the sand foundations below the railway 
bridge. This he proceeded to do (the late Mr. Frank hen ton . acting as 
assistant) ; at the same time he pointed out that the dock designed by 
Mr. N a pier Bell would be toe small for the ships of the future. 

The adaptation involved some extensive alterations, due to the 
porous nature of the strata. The pumping wells were grouped instead 
of distinct, to allow of being laid in the water as steel tubes protected 
outside and inside with cement concrete. The sliding caisson was 

*This portion of 1r. Napi er Bell's letter was meant to refer to the site below the 
Bridge, but may in conjunction with Mr. O'Connor's !ttler be used as advice as to how the 
sand wou ld he pumped up at Rous H ead, leaving caves in its stead. 
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replaced by a ship caisson, to save the walling involved in the caisson 
chamber, with its adherent difficulty its place being taken by a timber 
jetty berth. Also a leading wharf was substituted for dolphins, 
probably for the fir5t time in the history of do cks. 

But the point of greatest interest in this dock was the proposed 
method of construction, the method of proceedure being-

rst. To dredge the site, forming a bank round three sides of 
it to ensure tranquil water. 

znd. An artificial bottom to be fo rmed of clay dredged from 
Perth Water and transported in barges and rammed in 
position. 

The cheapness of sand dredging permitted this 
luxury, which while giving weight in a much cheaper 
form than concrete would also furni5h a watertight 
medium, for, as those of you who have much experience 
of co ncrete know, waterproofness is not among its strong 
points. Moreover, this clay permitted a poor concrete 
to be used where it was only needed for filling or founda­
t ion purpose , as for instance under the haunches of the 
invert. 

3rd. The dt iving of piles to carry the \\·or king stage and 
traveller, where the mixing tables, etc., \Yere ituated 
and from which the depositing flume was to depend. 
These stages were to be numbered like twin cales, the 
traveller also being numbered like a scale, and also the 
flume , so that the xact po5ition of the concrete deposited 
would always be known. 

heet piling supported by the staging jetties was also to surround 
the dock. It was, moreoYer, in tended to screen off with canva the portion 
of the dock where the fl ume was depositing concrete. anvas wa also 
to be used over ·the floor to effectively separate the concrete and clay. 

The reasons for adopting the tapered flume were-(rst) to prevent 
the concrete from coming in contact ·with the water until laid, and then 
only on its surface, and (znd) to provide a column of concrete perhaps 
fifty feet high for p ressure purpose , ensuring a compact and dense con­
crete. 

The flume was t o be of wood, be square in section, enlarging as it 
went down, t he lower part having adjustable doors to permit of the 
concrete being left behind undisturbed as the flume advanced. A cheap 
temporary bott om would be used any time operations were suspended 
for any t ime, because the flume would have to be partially fi lled before 
touching the water, and then fi lled as it went down. When deposition 
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was started the temporary bottom would be abandoned and as the flume 
was made. to advance it would be fed from above so that it would always 
remain approximately full. 

After laying the outer shell of the floor, the outer shell of the walls 
would be laid in like manner, the sheet piling acting as a backing and 
as successive layers of concrete rose inside, clay would be deposited 
outside, backed by quarry refuse ; thus equilibrium would always be 
maintained instead of heavy and expensive shoring, and whenever po sible 
the sheet piling would be withdrawn altogether to allow of the clay pressing 
against the concrete. 

Finally, when the outer shell had been completed it vvas the intention 
to load the partially finished clock with quarry spalls and sand and proceed 
as at Glasgow. 

All these processes may be much more readily gathered from the 
sketch plans shown by the lantern. 

Tllis proposal not only met with the approval of Mr. Thompson and 
Mr. O'Connor, but Messrs. Coocle, Son & 1atthews, in their letter to :\1r. 
O'Connor dated the zgth June, r8g8, approved of the method sketched 
out in his letter of the 23rd of May for building the clock below the railway 
bridge, and were just coming to the same conclusion, and suggest sur­
rounding the whole ite with a puddle wall contained between double 
sheet piling. They further point out that the least depth of water on 
the sill should not be less than 30 ft. to deal with large men-of-war. 

They also point out that the difficulty previously mentioned in 
connection with the clocking of floating clocks has been overcome by 
Messrs. Clarke and tanfielcl's invention of a self-docking dock. 

In r8g8 an English Company offered to equip and work a floating 
clock and the Government slip and workshops if the GoY rnm nt would 
dredge a berth for the clock and provide a berth for ship under repair 
while afloat, and also land for workshops, etc. The promoters suggested 
that in view of the lower freights and in urance fees likely to accrue 
owing to docking facilities being available, that the Government should 
subsidise the capital of the company for a period of not less than ten 
years at 5 per cent. l\lr. h.oyce, then Resident Engineer for the Fremantle 
harbor works, reported on this proposal and made some very inter.esting 
comparisons between floating and masonry graving docks. 

On the zoth March, rgor, Mr. O'Connor points out that if it is neces­
sary to adopt a proposal to carry the north wharf right up to the bridge, 
the proposed clock site below the bridge would have to be abandoned and 
the dock and slip put elsewhere-probably further up the 1iver. H e 
shortly afterwards proposed a conference between the Hon. the Minister, 
the Under-Secretary, Mr. Thompson, Mr. Palmer, the Resident Engineer 
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for Fremantle Harbor Works, and himself regarding the Fremantle dock. 
However, Cabinet decided that wharfage should be pro vided on the 
north side up to the railway bridge with clear water where Mr. O'Connor 
thought the dock ought to be. 

About the end of November, rgor, the Engineer for Harbors and 
Rivers (:I'Ir. Thompson) reminded Mr. O'Connor that-

" A port which like Fremantle seems destined to receive the very 
largest class of vessels should, therefore, I consider, be capable of docking 
almost any vessel afloat, and the dock would therefore require to be 
about 750 ft. long with an 85 ft . entrance width , or, should the prospective 
future be provided for, these dimensions might be 850 ft. long with a 
go ft . entrance." 

Permission "·as obtained to prepare designs for a subdivided dock 
Bso ft. long with an entrance width of go ft. !though go ft. would 
be ·wide enough for the then immediate future, the author was very 
anxious for greater width, because it seems unreasonable to suppose that 
shipowners will continue to be impeded by nanow dock entrances de­
signed for ships of several generations ago, and while docks may readily 
be lengthened, it is out of the question to widen them. Financial reasons, 
however, debarring any greater width being authorised, the author had 
to content himself by making the entrance the prescribed go ft. wide, 
cmd as no definite position wa::; given he made it go ft. wide on the bottom 
battered to roo ft. wide at L.W.M., and, thanks to that precaution, the 
dock as designed would still admit a " Mauretania. " 

While dealing with the subject of the dimensions of do cks it would 
perhaps be as well to look at some diagrams which the author prepared 
for the purpose of showing how steadily the dimensio ns of ships have 
grown, and by producing the curves the size of ship to expect at any 
future time, not more than a few years ahead, can be forecast with a 
rea.<>onable degree of certainty. Only an occasional erratic departing any 
distance from the curve, such, for instance, as the " Great Eastern," 
which was nearly as far in advance of her time as her designer, Brunei, 
was beyond the ordinary engineer of his day in the matter of scientific 
knowledge. 

Another of the diagrams, ~ howing the ratio of beam to ler~gth, shows 
that pretty well all the Atlantic record-breakers have been w1de vessels, 
in spite of the attempts made to gain speed at the expense of beam. 

Finding that narrow ships did not give a steady platfrom for gun 
practice, ir William White, experimenting on behalf of the Ad~1iral~y, 
found out that no increase of power was necessary to dnve a slup w1th 
a beam up to one-sixth of her length; in fact, in a rough sea probably 
less power would propel a vessel of that beam than a narrower sh1p. 
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The result is that the ' ' Dreadnought " was launched with a beam of 
one-<>ixth of her length. And this takes us back to one of the earlie<>t 
records of ship building, an entry very similar to those now found in 
Lloyds' register being written, viz., length 300 cubits, breadth 50 cubits, 
depth 30 cubits. 

Judge of the increased carrying power, not to mention comfort tO 
the passengers, if the 6oo ft. liner of to-clay were roo ft. wide instead of 
only so to 6o ft. , acco rding to the dock entrances at her ports of call. 

_ Is it any wonder that the " Lusitania" and " Mauretania " increased 
their beam to 88 ft. as against the 68 ft. of the Cunard company's previous 
greatest efiort ? And is it not to be expected that the 900 ft. liner of 
the future will have a beam of rso ft., with the accompanying stability­
and demand docks to suit? Why should ship owners be compelled to 
build a ship 8oo it. long to carry no more than a ship 6oo ft. long could 
carry with her existing engines, w re the dock entrances only made 
wide enough to receive a reasonably wide ship ? 

History does not relate how it happened, but in September, 1902• 

Mr. Leslie, in proposing the removal of the bridges, showed his proposal 
for placing the dock and slip in Ro cky Bay in a position now occupied 
by a sand bank, as shown on the diagram. This sketch of 1\h. Leslie's 
demands more than pas.;ing notice, and shows the benefit of many council­
lors. 

It will be noticed that the dock has two entrances, one at each encl. 
ow, a goo d many docks haYe been designed so that they could be used 

for dry docks when required, such as those at Tilbury, but probably 
never before had a gra ing dock designed for that purpose only had a 
dOuble entrance, and the ad vantage is so evident for a large subdivided 
dOCk, in that it allows either end to be used without disturbing the vessel 
in the other as independently as if they were two distinct docks, that 
the author adopted the double end for all designs of a graving dock for 
Fremantle got out for various positions, with perhaps one exception, 
that being a one-ended one stuck in the corner of R ocky Bay, at the 
special request of Mr. Dillon Bell. 

In a report dated October, 1902, Mr. Palmer recommended a floating 
dock to b placed in Rocky Bay. 

In 1903 the Premier invited Mr. K eele, the E ngineer for Harbors and 
H.ivers employed by the Government of New outh Wales, and .Mr. 1\apier 
Bell to confer with the Engineer-in-Chief for \l,f stern AustraEa concerning 
the dock site. Mr. N a pier Bell was too ill to leave New Zealand ; so 
Mr. Keele came over by himself and prepared plans for a naval station 
in Freshwater Bay, with a dock at Point Walter, and a commercial dock 
at Butler's Hump. 
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Of Mr. Keele's visit the author has little personal knowledge, being 
absent at the time, but Mr. Keele's reports are interesting, the plan he 
prepared being screened for your I eneftt. 

Among the dock designs for Fremantle for which the author prepared 
plans and e!':'timates probably the most noteworthy were tho e at Point 
Brown and Rocky Bay, under imilar conditions to those below the 
railway bridge preferred by Mr. O'Connor. 

.Yir. Rolland also prepared a sketch plan and estimate for the Rocky 
Bay site, which at one time was the approved clock site. :Hr. Rollancl's 
proposed method of procedure was to mould large blocks of concrete on 
land, approximating to the radial block of an arch, fill the joints with 
broken stone grouted with cement forced through a pipe leading to the 
bottom level of the blocks, the whole being laid on a levelled bed of con­
crete put down with a flume and levelled by afl. H girder, the sides to be 
built in like manner ; in fact, slabs the full height might be used for the 
sides if suitable precautions wer taken. 

Two other alternative proposals ,,·er al o put forward by the author, 
not only with a view to providina a dock ite below the bridges, but with 
the further object in Yiew of providing facilitie that would outlreigh the 
high cost of wages here compared to those paid at ingapore or elsewhere . 

In all floating clocks be ides the risk of straining or even 1rrecking 
the hip, and in many graving docks with shallow entrances ships have 
to practi call~· strip before entering, cargo, coal and remo,·able heavy 
gear being all landed, the ship then proceeding to ome out-of-the-way 
corner there to be r paired, painted or scraped, as the ea e might require. 

?\ow, at certain port. 11·ith high t1cl s ships lie on the bottom or 
en·n on the gridiron along:;icle the quay wl en the tide is out, cargo and 
passengers going to and from the ship 11·ithout hindrance; and it struck 
the author that if Fremantle could give ship advantages not to be obtained 
elsewhere, by placing the clock in such a po_ition that the ship could 
load or unload cargo and be painted or scraped oc have ordinary repairs 
clone at the same time, thus saving the los of time u ual to docking, 
and more than compensating for the high wages paid in \u tralia com­
pared to England or Ea tern countries, and by proviclincr deep water 
011 the keel blocks and entrance, hips could clock 11ith their full cargo 
and equipment on board, thus saving the expense of unloading and 
reloading their cargo, coal, etc. 

By placing the one side of the clock on the alignment of Victoria Quay 
extension close to rthur's Head, the wharf acting as a leading 11·harf 
so that hips could berth right up to the clock entrance when required, 
the other end of the clock opening out towards the deep sea jetty through 
the present ou th Mole, a cai son berth and leading jetty screening the 
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gate from heavy wave , the south side of the leading jetty al o acting 
as a repair berth for ships afloat, the diagram probably making the matter 
more intelligible than mere words. It will also be seen that the ordinary 
electric cranes could proceed along the wharf for use at the dock, or 
conversely. The doc1< was to b gro ft. long by roo ft. entrance, 33 ft. 
on side, subdivided, the co t without workshops or crane beina £zro,ooo. 

The other position was that recommended in the early day by the 
late aptain Russell, R .• ' . Here the slip has been built, the excaYation 
for the dock dredg d, to designs and plan prepared by the author, :Jir. 
Carlin being in charge of the dr dging and sli p, the latter being a copy 
of the old slip. 

Her th workshops were designed to be on an arti fi'cial island built 
upon the part of the oil rock bar known as The ]-\:nu !de, originally left 
for a wave-break r, thus alway. leaving one side of the dock fr o that 
one ide of the ship could b in the commercial harbor while th whole 
ship was in hospital. Access to the workshops from the land sid would 
be over the caisson gate and also by a subway und r the central cai on 
seat, while on th water ide a deep-water r pair wharf wa to have been 
built, wher hips could li e and come under the rso-ton crane if req uired . 

It was this last site that ir Whately Eliot came out 1.o in pect. He 
quite gra peel the porou ne s of the trata, but wa quite confident that 
the method proposed would pro ,~e successful, although he preferred 
the diving bell to the flume. He liked the clay envelope hown in the 
design for the ite · below the bridge, I ut had to abandon it finally on 
account of th cost of dredging much extra rock and the danger of the 
dock floating up if clay wer substituted for the outer two f et of the 
concrete shell. 

A wooden floor , shown in a ll de igns sin e I 9 , wa , after me 
discu sion , and in de feren e to a wi h by :J1r. Thomp. on, left out. ir 
vVhately Eliot also thought it might prove troubl so me when jacking up 
large plate , and he wa not familiar with the 'rood n floor at Tilbury 
and Nova cotia, which were said to ha,·e prond so ati facton· and 
from which it had been copied; he co n idered , moreo ver. that in a ciimate 
like this the que tion of a wet floor \\'aS not of the ame moment a in 
Nova Scotia. 

The section , pumps, cais ons, workshop , cran , keelblocks . wind­
las es, bollards, mooring rings, and all oth r detail met with hi approYal , 
and he ex1 ressed himself as highly plea eel with Mr. Thompson'. proposal 
to use a diving bell som what imilar to that u eel by ~\Ir. Sto ney in Dublin, 
its method of employ being to set up the frames for the co ncrete on barge , 
pick one up and lo\\·er it into position and then low r the bell over it. 
\\hen the first frame had been fill cl th bell \\'Ould be rai ed sufficiently 
to clear the frame moved O\' r the next one already lo\\' red in po ition 
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and let down, the operation being repeated continuously. After the 
concrete had had time to set divers would open the frames, which would 
then be removed by a crane and put together ready for another block, 
the bell returning over the blocks already laid to fill in the joints, which 
operation would be conducted by lowering a sort of canvas band filled 
with concrete, as it descended between two blocks until the joint was 
full to the top, and then dropping the ends of the band and feeding con­
crete on to the fresh concrete continuously so that the first deposited 
flowed out, only the outer surface ever comina in contact with the water, 
and that always the same surface. 

The estimate for the first instalment of the dock at Rous Head­
length 592 ft. on floor, 6ro ft. at coping-was £285,000, the entrance 
width being roo ft. and the depth on the sill at L. W. M. 34 ft. ; depth on 
keel blocks, 32 ft. ; length when complete, 9ro ft. between caissions. 

ir Whately Eliot gave the following replies to questions asked by 
the late Mr. Price, then Minister for Works :-

" Taking everything into consideration, I consider Rous Head 
the best site ; if the railway ·were on the south side I should 
not consider any site more suitable." 

"I \\'Ould have selected this :>ite if the river were open." 

As already hinted, every conceivable method had been considered 
for building this dock-from churning out wall trenches to driving sheet 
piling or churning out a puddle trench to surround the whole area, and 
this method was very tempting, but the author did not think the under­
lying clay beds sufficiently thick or continuous to warrant the risk, believing 
that water would pour up from the bottom in such quantities that no 
concrete could be laid in the dry. Consequently, as already stated, it 
had been determined to build the outer concrete shell either with the 
aid of a flume or diving bell. That Sir Whately Eliot was thoroughly in 
accord with this decision is proved by the following extracts from his 
report:-

This rock, however, is of such a porous nature that it cannot 
be relied on for excluding water, especially on the harbor side, where it 
has been excavated to form a deep charm 1, so that when the excavation 
for the dock is taken out there will be left a wall of ro ck very porous in 
nature, and less than 200 ft. wide. Water also would certainly percolate 
through the rock at the bottom in such quantities as to render its re­
duction by pumping almost if not quite impracticable .. . .. 

"Under these circumstances any attempt to exclude water from 
the site by a cofferdam in the usual manner would probably end in failure, 
and whether it succeeded or not would be very costly; other means, 
therefore, must be adopted for the construction, as explained hereafter ... 
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'' The construction of the dock is quite practicable ; it is a 
work, however, which will present difficulties, and will require the greatest 
possible care in construction-but the means proposed to be adopted, 
and explained later on, will considerably lessen the difficulties and minimise 
the risk of constructir..g a work of this nature under water. .. .. 

" I recommend that as the nature of the ground does not admit of 
excluding water from the site by means of a cofferdam, the sand and 
rock be first removed by dredging. . . . . The bottom should be then 
levelled and prepared for the deposit of concrete by means of a diving 
bell provided with a double shaft and fitted with air lo cks by which men 
and such material as concrete, etc., may obtain access to the interior of 
the bell without removing it from its position. 

Someone having proposed to return to the method of depositing 
the concrete by means of a skip in lieu of per bell, the author, who did 
not think high-class concrete could be laid by skip, wrote to consult Sir 
Whately Eliot on August 2nd, Igog, as to an alternative means. The 
following extract from the letter explains itself: -

"I have suggested a an alternative cutting blocks of granite by 
plug and feather as large as our cranes wou ld allow, but certainly not 
under 6 ft. x 4 ft. x 3 ft. and probably double that .;ize, say, 7 ft . 5 in. x 
5 ft. x 4ft., laying them on a bed of 2 to I cement mortar about 6 in. apart 
and tlien forcing 2 to I cement mortar through a pipe to fill up the spaces 
between them. By thus ·covering the bottom with a layer whose long 
axis was parallel to that of the dock, each row breaking joint with the 
next and covering it with a second layer, breaking joint everywhere 
with the lower, the stones sitting on their narrow side in both layers, 
the sides being built up with similar stones on the flat to above water level 
and all breaking joint, I think the dock would be pretty water-tight when 
pumped out for the purpose of finishing off the inside in the dry. 

"The inland granite cuts beauti(ully: it i not all cracked and 
fissured nor flinty like that in the Darling Ranges. When walling in big 
rocks, i.e., putting a gutter round them to collect water for railway pur­
poses, I used to cut slabs about 6o to 70 ft. long by about 4 ft. 6 in. wide 
and I2 to I8 in. thick for about 30s., the cutting of them into lengths 
that could be handled bei i1g an extra, depending on the distance to be 
transported ; if used where cut, I have turned up as much as 22 lin. ft. 
in one piece. The principal reason for the excessive cheapness being 
that the great variations in temperature cause a shell to flake off the 
rock, which can expand and contract above the ma s. For large quantities 
of stone one would have to rely on the solid rock." 

The reply to this must have been mislaid, there being no sign of 
it among the author's papers. 
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Th means of cementing the stones together is only touched upon 
in the above letter, but the method would have been after a few rows 
of stones had been laid to block the outer ends of all joints by sand bags 
or other approved means, lower th grouting pipe to the lJottom, fill it 
with z to I cement mortar, then raise the pipe two or three inches and 
force in mortar until it had ris n up level" ith the top of the stones, and 
then withdraw the pipe and renew the process again and again ; or fill 
the joint with broken ston and force grout instead of mortar, a> d scribed 
above. 

The following information, tog ther with plan of ection of clock 
and pump well, wa suppli cl to pump maker. to all ow them to tender 
for pump , th design being 1 ft to maker. 

:\PA ITY OF JlU:\1PS. 

The dock when completed will be about 910ft. long (behr en cai sons) 
and will contain, when filled to H.\V.M., about zs ,ooo,ooo gallon of 
water. 

The pumping plant, whi h it i proposed to place in a well be 
cop level, must be capable of di charging the abo\'e quantity in 4 hours. 

The floor level of the clock on the centre line will be 3 ft. below 
low-water mark, and at the ides 6 in. lower. 

The section propo eel for immediat con truction will b s6o ft 
long between cais ons, and capable of being divid cl into 2 compartment , 
zro ft. and 330 ft. long r p ctively, by an int rmediate cais on. 

The capacity of ection to b built immediat h·, "hen filled to H. \V.l\I., 
will be about r6,soo,ooo gallon . The pumps hall be de ign cl a three 
equal an l. similar units, o that if only h1·o such were ordered noli' , they 
would be capable together of pum1 ing the pr . ent section in 4 hours, 
and that the addition of one other such unit when the whole dock should 
be completed would render the complete plant capable of pumpin()' the 
full dock (capacity zs,ooo ,ooo gallons) in 4 hour . 

:\ mall r drainag pump to b al o supplie L 

Dt LIS. 10~. 

JlH.]. \\'. HE. ' llERso:-. ~.a i d all that :\1r. . tli lcls has quoted re tonnage 
pas ing through a port to nee ssitatc a dock for r pairing :1ips' hulls, 
etc., i true ; in fact, Frcman tle is si tu at eel i 11 a gcograpltical po. i1 ion 
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that makes the situation more acute. The first ite proposed is shown 
on the model at the Mu eum, and when attempts were made to put down 
a shaft to a depth of about 14 ft. was attained with timbering. When 
iron cylinclers were used, a depth of 27 ft. with Pul ometer pumps was 
attained. Mr. Napier Bell was my informant about this, as I was his 
mechanical a sistant at the time, and advise 1 him to put th shaft down. 
The boring for the Rous Head site bowed a na ty foundation, and 
late development have shown that it was unwi e to attempt a clry clock 
there. I pointed this out to Mr. ~apicr Bell, and as far as I recollect his 
re!Jly was "It is hetter than a quick-sand." \i'ith reference to floating 
docks, l\Ir. Shields is in error. In 1890 and 1891 I wa in Fremantle and 
fore. ai\' the cl iftkulties, an l on return to England obtained information 
and submitted it to the Public Work. Department. I am till in favor of a 
floating dock for Fremantle. I have seen th m, been on them, and while 
their upkeep is more and t.h ir life shorter, t.hr~· are to be preferr d to a 
clock that. ha. not c\·cn tuatecl, an cl accid ent happen to ven th best 
graving clock. that have he n constructed . 

.MR. J. F. l(A:ISBOTJIA:\1 clicl not consicl r lhat tonnage has any con­
nection wilh the number of gra,i.ng docks required. One might say 
that the Sue~ Canal ought to be composed of graving dock . .\.nd another 
point, graving docks a re usually in places where there are the established 
industries of shi!)-buil cli ng and also where repair arc carricr1 on-··generally 
at. terminal ports. .-\letter from Mr. 'apier Bell to .Mr. O'Connor, ug­
rre Ling putting a bank of clay round the whole site, ay 7 or 8 feet in depth, 
to keep the Ut·face \vater on the top of the reef a\\·ay and taking the 
walls out in trenches all round, and then taking the floor out in sect.ions, 
also in trenches, and I arn hound to say, in my opinion, if that had been 
done you would haYe ltacl a graving clock at Fremantle. In the work 
] have been enrrag ,] on \\ C ha,·e had the ,,·ater ri ght U!J again t u -­
a head of ."i-1- f et. of it-and 1 had got lo\\·er than l\lr. :\apicr Bell. It 
was a much mall er dock at. that tim anrl the depth he (:\lr. :;'\ apier 
H ll) wa. going t.o found on was 37 feet below low water mark. In regard 
to the suggested d redger eh me: i[ we arc going to dredge the body 
of the dock out and then concrete under water before starting, one must 
have absolu tely no clo nbt about the bottom. The author sugge. ts putting 
clay on the bottom and ramming it. Per:onally, l ha\' done a good deal 
of work ''it.h clay, and I know this, that. if you ram clay you turn it int.o 
mud- the portion of sand, etc., in it become disint grated ancl it becomes 
mud. Th n, apparently, that having been done, concreting wa going 
to be start cl ,,·ith a flume. When your concrete goes into mud, the 
. pecific gravity of th concrete is greater than mucl and the mud will 
come up and mix \\·ith the concrete an 1 ~ ·ou will ha,·e an unsatisfactory 
mixture. .-\ gain, looking at pressure , the safe intensity of pressure 
on natural foundations ha been determined as follows: -
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(I) On hard rock, 9 to IO tons per square foot; 
(2) On soft rock and hard clay, 2 to 3 tons per square foot; 
(3) On sand and gravel, It to 2 tons per square foot; 
(4) On compact f.arth , I to I,_ tons per square foot ; 
(5) On soft uncertain ground, t ton per square foot. 

Several engineering features manifested themselves during the con­
struction of the Brocklebank Graving Dock, Liverpool, which I carried 
out under my late chi ef, Mr. Anthony G. Lyster. In three c~ifferent 
places it \Yas necessary to excavate 8oft. in orcter to get a safe foundation, 
needless to say at considerable expense ; but in work of this character 
no gratuitous risks mu t be taken- if they are taken and disaster follows 
the amount involved in getting a safe foundation is very small in com­
parison with the amount entailed by the c1i. aster. To my mind there 
are three voints an engineer must consi ler :--

(r) Can the work be done ? 
(z) What will it co t ? 
(3) How long will it take? 

Then, further, in constructing a graving dock there are two cardinal points. 
In almost all excavations water is encountered, and a decision must be 
arrived at as to whether it is going to be possible to allow such water to 
weep away in relief or neces ary to hlock it out, on account of there being 
too much water for the drainage pump. In the event of the latter concrete 
en masse is necessary, or a floor fortified with steel capable of withstanding 
the hy lrostatic pressure from below. It was my intention (without any 
option) to have done this with the graving clock at Rous H ad. In the 
case of the Belfast gravi ng clock, which I saw when it was under con­
struction, the floor was, I believe, 20 feet thick ancl a 5-ring blue brick 
arch in the concrc:>te in addition, which was carried up the back of the 
walls. The issues are quite clear an<'l it is actvisable to realise them before 
starting. The next consideration is, what pressure will arise when a 
steamer is on the keel blocks ? An Atlantic mail boat has a pressure of 
8o tons to the running foot ; with keel blocks at 30" centres, this amounts 
to 200 tons per block, or, say, I75 tons ior an ordinary type of mail boat. 
In the case of a damaged keel which has taken up an arch formation for 
consi ]erably over roo feet, these pressures may be comiderably increased 
and all possible contingencic:>s must be considered. In the case of the 
pressurc:>s on the toe of your wall, for a wall similar to the Fremantle 
graving clock, a pressure of 5 tons to the square foot arises, and unless 
the ~round is suitable unquestionably trouble may be expected . For a 
wet dock 4-4 tons per sq uare foot arises and the possibility of the wall 
sEding must not he forgotten. Then the author goes on and talk. about 
putting in a shell. When you are vutting in a shell to " ·ith tand the 
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ultimate pressures, the dock on being unwatered for the first tim<'< gets 
the ultimate pressure straight av-·ay. A shell is very little use unless it 
is so constructed as to be able to withstand the ultimate pressures. I am 
not quite clear about the method adopted at Glasgow, and perhaps the 
author would t ell us how they did ]Jl"OC'cecl, at the same time giving us the 
depth of water on the sill. And th en going on further, 1 see a wooden 
floor was discussed . 1 have seen a drawing of it-an arch somewhere 
about 6 feet thick made under water ·,vith ioists on it and th en a z" floor. 
There was one other point I saw about dreclging out and making concrete 
blocks, then putting a skim of concrete en the bottom and placing on it 
the concrete blocks. My remarks about pressures apply in the same 
extent to that method- a doubtful method, very doubtful ; it is hard to 
build a big concrete arch in the dry, to build such under 50 ft. of water 
borders on the absurd. 

MR. A. J. HILLMAN sai 1: In reference to the shipping tonnage at 
the various ports referred to by the author, I think it would be advisable 
to render that a little more clear by stating whether the tonnage is tons 
of shipping or the tonnage of shipping inwards and outwards combined, 
as is shown in the case of Fremantle, and whether it is gross tonnage or 
nett tonnage. The figures for Fremantle are up to date in that matter 
of 4i millions, whereas the figures for the other ports are evidently four 
years old. I think four years ago Fremantle was about zt millions. 
In joining nevv work on to work which is two or three days old it has 
always been my practice to scabble the existing work and coat it thoroughly 
before bringing fresh work on it, and I think that is the only method by 
which a continuous bond and a continuous body of concrete can be formed, 
and the only way to prevent vertical seams or even horizontal ones in a 
work That is my method, and which has always been my practice in 
the dry, but to carry out similar methods under 40 or so feet of water 
is impracticable, and I think that a r1ock floor would be exceedingly 
porous when it came to be under water for the first time. A dock site cannot 
be dredged like cutting cheese with a knife, and a very uneven bottom 
would be the initial result if that is covered by the next proposal-an 
artificial bottom of clay, etc. What method of ramming would the 
author propose by which to ram clay dredged from Perth water 30 feet 
under water? I picture up a" pug " of about the consistency of pea-soup 
in which any system of ramming would generate into ; any system of 
ramming is to my mind absolutely impracticable. 

MR. J. A. RIDGWAY said: Nobody will deny that this paper is an 
extremely interesting one. There are many matters of more than passing 
interest. In Whittaker's 1\lmanack for 1910, the shipping tonnage 0£ 
1908 is given, w·hich is exactly four years ago. This tonnage evidently 
refers to nett tonnage, which is the usual method of measuring tonnage. 
The tonnage is divided up into tonnage entered and cleared. According 
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to Wbittaker, in 1908, Southampton, instead of having a tonnage o{ 
3,8ob,ooo, as stated in the paper, had a total tonnage of 7,921,000 tons. 
On the same basis, Newport, instead of 2,700,ooo tons, had 3,894,000 tons, 
and so on. Glasgow, instead of 4,300,ooo tons, s ,ooo,ooo; Cardiff, instead 
of 1J,zoo,ooo tons, nearly 15,ooo,ooo; and Newcastle, including North 
and South Shields, instead of 9,ooo,ooo, 12,48g,ooo tons. For Melbourne 
and Sydney the tonnages are given for 1907 and they are respectivel:y 
743,246 tons and 1,884,700 tons, instead of 6,soo,ooo tons and .'),9oo,ooo 
tons. As regards Fremantle, the author gives the tonnage for 1912, and 
I have it only here for 1907, but it then approximately amounted to 
about 1,ooo,ooo tons. That, undoubtedly, is nett tonnage, whereas the 
author' s figures may be in reference to gross tonnage, and I shall be 
glad if be will enlighten me. Of course, if the tonnage I have given for 
:Melbourne i correct it all the more points to the necessity of having a 
dock here in Fremantle, when Melbourne, as the author says, has three 
docks and ftve slipways. The statement the author makes as regards 
foreign ports not having so many docks as British is very interesting, 
and I hould be glad if the author could give me the name of the port 
to which he refers just below as having a so feet rise and fall of tide 
and having only one gridiron. The author states that the idea was to 
design a dock which would be satisfactory for discharging cargo and 
cleaning the ship's bottom at the same time. The majority of shipowners 
are, l think, always against putting their ships into clock in a loaded 
condition , for it is clearly advisable to empty your ship so as to do away 
with any tendency to strain . \Vhen men are working underneath it is 
l1ardly a good proposition to discharge cargo at the same time. In Liver­
pool I can only call to mind one ship which discharged cargo in the graving 
dock. The author's reference to floating clocks is all too short. It 
would be interesting if he vvould briefly give reasons as to why the floating 
dock proposition was apparently shelved, and in addition would he state 
his views as to the respective merits of a dry dock over a floating dock, 
or vice versa. 

MR. ViT. LESLIE said there are a few points, some of which have been 
mentioned, that in my opinion ought to be made clear when the paper 
is revised. Several references have been made to the tonnage and it i 
not clear whether the tonnage is annual or not. I agree with Mr. Rams­
hotham, it depends entirely on the status of the port as to the number 
o£ clocks required. As pointed out, ship owners are very loth to put 
the ships into clock when they are loaded, and in every occasion where 
it has been done it has caused considerable extra expense and also in 
the insurance. A port of call like Fremantle is not to be treated in the 
same manner as a terminal port, or in the same way as a port where there 
are .facilities given for repairs being carried out to ships when they call 
at the port. The author refers to the difficulty to docking a ship when 
the ship is at right-angles to the stream, but I think exaggerates it. We 
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know that a great many docks are placed in rivers at home where there 
is probably ro or IS feet rise and fall, and taking one ship out and putting 
one in on the top of a tide. There is a great deal more work done in 
more current than we are ever likely to get in the estuary of the Swan ; 
this diffrculty may be got over by tugs. Timber docks were, I think, 
first built in America, and they were known as the Simpson docks. I 
think there has never been an instance yet of a timber dock floating, 
the reason being that the sloping sides--they were very wide batter at 
the bottom--were all very deeply piled and the fastenings made to the 
piles so that really the dock was well anchored clown. There was one 
burnt, I believe, but I think, although it was constructed of timber, we 
have not had an example of a Simpson dock floa.ting yet. Of course, 
repairs to the timber docks are very much higher than the other docks, 
to which the cheap construction lends itself. There is one thing that the 
paper does make clear, and that is the strata at Fremantle appears to be 
perfectly well understood in Mr. O'Connor's time. I think Mr. O'Connor, 
from the information which he had before him, was remarkably correct 
in regard to the strata at Fremantle; a good deal of information in 
regard to it has been obta.ined sinr.e Mr. O'Connor's time, and, of course, 
it is all the more credit to him to be able to fo resee that. The author 
must have had a good c1eal of trouble in regard to the way he vroposed 
to put up a working stage an 1 deposit his concrete down there. H would 
have been of value to have had more particulars as to that, the moving 
o( that flume and the opening the door-the moving of the flume along 
the bottom. It does not appear to me, however, to be practicable. 
The history of the No. 4 graving dock in the Brookland Navy Yard seems 
omething like Fremantle. In the first instance a contract was let for 

the construction of a dock 563 feet long and about roo feet wide. After 
fifteen months' work the contraci.or decided not to proceed further. A 
little later the Government again called for tenders for the dock, 620 feet 
long. A company got it and decided they would adopt a method ome­
\\'hat similar to v..·hat was employed at Fremantle. That was the two lines 
o( steel sheet piling, and endeavored to get the site dry in that \\'ay. 
They vvorked on it also fifteen months and failed, and for a second time 
the work was abandoned . The Government found it necessary to have 
a dock. Ships were calling for dock accommodation, and th ir own 
cruisers made it necessary to lengthen the dock again. Tenders were 
called again, and the length increased to 723 feet and the widt.h I think 
roo or r2.o feet, but it was a success the third time. The contractor 
took one of the ways of which the author has not taken into account, 
That is, he sunk a series of caissons right round the outside of his dock­
they vvere a little distance apart ; where they were joined he left a half­
moon so that the concrete could afterwards be filled in between each of 
the casoons right round. The Government Engineer went into the 
matter with the contractor in regard to putting in a reinforced bottom 
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instead of the ordinary concrete bottom. It saved some ro or 15 feet In 
the deptn of the concrete in the bottom, but the difficulty there was that 
the strata was quicksand and loose sand, gravel and boulders down to 
rro fee t l>dow the surface, so that each of these casoons sank down to 
solid rock rro feet and the work was at length completed. There are 
one or two things in the proposed method of construction of the dock 
that the author sets out that rather puzzle me. One of them I refer 
particularly to-a suggestion which he made to Sir Whately Eliot, dated 
2nd August. He refers to the aclo]Jtion of a cut granite bottom. I 
quarried a good deal of these blocks in the hills, and I think one cannot 
go very far into that before it becomes very expensive. It is quite true 
they are lying in beds 12 and r8 inches ancl up to 3 feet thick, but when 
you proceed to get a large quantity of stone from anything you soon get 
into the solid granite, an 1 then it becorpes expensive-especially with 
our high cost of labor. The author says he would lay them in the bottom of 
the dock. I take it on a bed of cement and grout them in between, 
but what troubles me is how it is provosed to get the mortar down there, 
and I thought if one could get the stones clown into the bottom for a 
foun~ation that they coulcl get the concrete in all right . 

MR. SmELDS, in reply, said Mr. Henclerson is quite correct in referring 
to the difficulties in sinking that shaft in Mr. Napier Bell's time, and there 
was al o the same difficulty in sinking the shaft above the bridge. The 
water was pumped out and as the water was pumped out the sand rose 
in the shaft and they \vere not getting any deeper. If the water had been 
left in the shaft and an ordinary sand pumv used it could have been 
sunk to any depth required without any trouble. As to the information 
on the floating clock that Mr. Henderson mentions, they did not act in 
conjunction-they botl acted independently. There is a great deal about 
floatin g docks. Mr. Henclerson also says that a floating dock woukl. 
have been better than a graving dock. It is not a substitute-it has not 
got the stability. The stability o£ the ship has to be taken into account 
when you put a ship on the floating dock ; and it has been said there 
have been accidents in graving docks, but there also have been accidents 
in floating docks. There have been accidents-vvhere a ship launched 
herself off a floating dock, and the Havana floating dock broke in h\·o. 
Coming to Mr. Ramsbotham's remarks: The tonnage has no connection 
with graving docks. Of course, there is a certain amount of reason in 
that, and where ·t port rec ives a large amount of shipping it ough~ to 
have graving clocks in comparison with that shi]_.lping. Tn England, 
''here a ship can go to an adjoining port a few miles away, it is not so 
important as here, where we are 2,000 miles from one. A ship coming 
all that di tance is liable to accident. Mr. Ramshotham said I was in­
accurate in saying Mr. Dillon Bell proposed the first wooden dock at 
Rous Head, instead of Arthur's Head. I do not think I was. Mr. Dillon 
Bell proposed one for each side on two consecutive days. With reference 
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to the few notes in Mr. Napier Bell's letter read out by Mr. Ramsbotham, 
he refers first to the site at Rous Head and then to the site below the 
.bridge, or conversely, but I thought it was quite clear from his letter 
which he referred to. In one he refers to the porous rock, the limestone 
rock interbedded with limestone rock and sand. In the other he refers 
to nothing but sand. And you would have to put sheet piling down, 
~nd if you went to lower the 1ov·ater r_o feet the sancl._ would come up. There 
IS no doubt there would be great chfficulty. My 1dea is not to lower the 
water in either case-there was a shell of concrete, and the reason for 
that is that those who have had experience of this rock, say it would 
be exactly the same at the bridges. The rock at Arthur's Head and the 
rock above the bridges is not one bit better than the rock at Rous Head 
o r Rocky Bay. It is all as porous as a sponge. Mr. Napier Bell thought 
there ' 'vas hard limestone at the bottom, as you see in the papers ; Mr. 
O'Connor disagreed w·ith that. Mr. O'Connor maintained that the 
rock was absolutely porous. The next item is the rammed clay becoming 
mud and ri ing and becoming mixed with the concrete. I do not know 
whether Mr. Ramsbotham referred to the mud in Perth Water and clay. 
There is an outcrop of clay in Pier Street, and also in some Government 
land at the back of the Technical chool. It appears to be a very tough 
clay and it has water running on it. If it was found to run it would 
have to be replaced by some better class of clay. A good deal was dredged 
up in Perth Water and it came out of the water perfectly tough. He 
referred to the weight on founclations-3 tons on clay and 2~ tons on 
coral in the United States. I do not think we can put that much weight 
on the bottom. If you take a 50 feet column of concrete, what would 
it weigh? I should say, allovving about r6 feet to th e ton, it would go 
a little over 3 tons for the total column from top to bottom, and against 
that you \-vould have the upward thrust of the water, which would relieve 
it by fully a third. There would be no sliding of the toe, because the 
invert bottom would prevent the toe sliding in. You would l)ave the 
higher ground inside and the clay and the mud and you have to allow 
for all the water above water level. In a wet dock you have nothing 
to prevent your toe sliding out- in a graving clock you have the whole 
of the floor which prevents the bottom sliding across; it has an equal 
thrust on the other side of the wall. A warship is actually heavier than 
a ship like the" Lusitania, " because she has a shorter level of keel. When 
the ship comes on the floor, as a matter of fact if the clock were not held 
clown by friction it would float it. When the water was pumped out the 
dock would float , ship and all. So lhat it only comes to a matter of 
distributing the weight of the ship from the keel blocks over the ftoor. 
vVe had steel rails laid in the concrete-that was the actual proposal. 
I think the concrete itself would have taken it up- it would have spread 
the pressure. There are two ways of making the shell. If you laid a shell 
of concrete to be finished in the dry you must either make that shell of 
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concrete sufficiently thick to resist the water pressure and flotation if 
it is not held down, or else you must load it. In the case of the Glasgow 
dock they made quite a thin shell but they loaded it up with spalls or 
sand inside, and then they excavated in those spalls a narrow trench, that 
only left a narrow space of floor-I think it was ro feet. If you take 
out a little strip as vvide as a table right across the dock, a comparatively 
small thickness of concrete acting as a hidden arch will keep the pressure 
down, and you could make that piece tight, and, having made that piece 
tight, make an advance and make the next strip tight, the pressure on 
this new concrete keeping that down till you get the vvhole of it in. Mr. 
Ramsbotham referred to Mr. Rowland's method of laying concrete blocks 
under water. Of course, laying these under water presented difficulty, a 
any work under water does. I referred to a dock that was proposecl to 
be put across the South Mole. l explained exactly-:-l mentioned the 
price for it . The reason Jor the excessively cheap price was that we had 
an offer at that time of a stack of slag from the smelter which I think the 
Government analyst reported on very favoral.ly for concrete. The 
proposal was to make long blocks an l grout them afterwards. It is 
exceedingly difficult ancl the trouble really is to get some fE-asible met­
hod of la~ying the concrete under water. It has been shown in many 
cases that tl:e vertical joints can be grouted . I dare say a good many 
are familiar \Vith the work that Canniple (?) did on the Guernsey struc­
ture·-he grouted those through a pi[.>e and made gooc1 concrete. \i\7e 
tried the same method at Fremantle with great success. We made 
some very nice blorks and grouted in different ways. You cannot have 
horizontal joints if you are grouting under water, but you can have 
them on the slope. Mr. Hillman referred to tbe table of tonnage at 
the ports. That was taken from a public fiJe-·I think it is from Mr. 
Palmer's report. It is on one of the publi c files ; some of the men of our 
Department could tell you which, ancl at the time, as well as I remember, 
I compared that with the Fremantle Harbor Trust's report. In reference 
to the method of ramming \l'ith clay under water, the intention was to 
run it through the flume the same as the concrete. Personally, J think 
you could ram it if you got the right clay with a flat ram. You would have 
to force it through the flume. Mr. Leslie mentioned that a wooden 
dock was never known to float. T consider that they a1e too porous 
to :float. 



H.ECE TT EXAMPLE OF LIGHTHOUSE CO STRUCTION 
ON THE \iVE. T AU TRALIA_ T COAST.* 

(BY G. E. FARRAR.) 

GENERAL. 

In rgo6 the necessity for additional navigation lights around the 
\Vestern Australian coast north of Geraldton was brought under the 
notice of the Government of the day by the vatious shipping companies 
trading between Fremantle, the North-" est ports and Singapore. The 
increasing trade with the North-West and ingapore and the necessity 
of providing further protection to hipping and assistance to navigation 
by the erection of further lighthouses, tc., along the coast was generally 
acknowledged, and with the object of deciding the positions for such 
further lighthous s the Government appointed an advisory Board, com­
prising aptains Laurie, Arundel and Irvine, to collect eviclenc and 
submit a report with r commendations regarding the four most important 
lights calling for early rection. The evidence of a number of hip­
masters having practical knowledge of th coast, and others interested 
in shipping, was taken, and in March, rgo7, the Board pre cnted their 
report, and, acting upon the consensus of opinion as deduced by the 
evidence taken, the Board recomm nd cl the erection of lighthouse at 
the following point , viz . : Cape In cription, Point Cloates, Beclout Island, 
and Cape Lev que. The necessary surveys \\"ere at once put in hand 
and the preparation of plans, etc., proceeded with. ubsequently, owing 
to the loss of the s .s . " Mildura" on lorth- \\'e t Cape, the Board re­
commen led, and the Government decided to erect, a light on Vlaming 
Head, a promontory to the south-we t of North- \\'est aiJe. 

CAPE l NSCIUPTION. 

A bold h aclland at th northern ·nd of Dirk Hartog l land, at 
entrance to Shark 's Bay. Th to\\·er is erected near th spot where 
t he Dutch navigator Dirk Hartog landed in r6r6, and in a fi sure of 
the lim stone rock rected a po t carrying a tin plate commemorating the 
event, hence the name Cape Inscription. This interesting memento 
was s en in r8or and r 03 by Captain Hamelin and Captain Baudin, 
respectively, but when King, an Engli h navigator, vi it 1 the spot in 
January, r822, the )late had di appeared. 

King erected a post on the pot bearing the inscription," 1\:ing r822," 
in lett rs formed by clout-headed nails driven into the post. Thi post, 
tc., was in an excellent state of pr servation, th original position was 

carefully fixed, the post removed, and subsequently placed in the Perth 

"For figures and plans see end of took. 
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Museum. This course was adopted by the author, as owing to the scarcity 
of fuel it was almost certain this interesting relic would speedily have 
found its way beneath the homely billy. 

The principal difficulties encountered in connection with the carrying 
out of this and other works enumerated were those of communication, 
transport, and landing of materials and the supply of water for use of 
man and beast in the execution of the work. 

As regards Cape Inscription, the only available landing place within 
reasonable proximity to the site is listant one and a quarter miles, on 
a shelving sandy beach; a heavy sea prevails here during the prevalence 
of northerly and easterly winds, there is also at nearly all times a very 
heavy undertow, which made the preliminary landing of materials x­
tremely difficult and dangerous, and, I regret to say, a fatal accident 
occurred here in the early stage of the work. These difficulties were, 
however, lessened on completion of the jetty and inclined tramway shown 
(Fig. I). The ruling grade of the tramway is about I in 3· The haulage 
was effected by horse power operating a specially designed winch on 
the summit" of the cliff, and although the operation was somewhat slow, 
many hundreds of tons of materials vvere thus transported without ac­
cident. The transport of water was another difficulty, the source being 
a well distant from the work five miles, and owing to the sandy nature 
of the country trundling hogsheads were found more expeditious and 
less trying to horses than dray . Fig. 2 shows water in transit in the 
manner described . 

THE TOWER, situated in Lat. 25° 29' 30" S., Long. II2° s8' E., is 
built in non-reinforced cement concrete and is thirty-four feet in height 
to level of gallery floor, and eighteen feet external diameter at the base. 
In this is installed a third··orcler flashing light making one complete 
revolution in thirty seconds, giving four flashes of five seconds' duration, 
and four periods of darkness of two and one-half seconds' duration. The 
illuminated sector is 360°. Height of focal plane above high water, 127 
feet ; range of visibility, rz miles from bridge of an ordinary steamer. 
The total height of tower from base to lantern vane is 49 feet. The 
clockwork actuating the occulting screen was designed and constructed 
departmentally an l is \·vor;<ing aclm iralby. The lamp is a 50 mm. in­
candescent vapour type comprisi ng three burners. _Tear the tower 
has heen erected a flagstaff 8o feet in height for signalling purposes. 
(Fig. 3 is a general view of the tower, quarters, etc. Fig. 4 shows the 
tower in course of erection. Fig. 5, the completed tower.) 

QUARTERS for t\\"o lightkeeper all under one roof have been provided. 
The walls are of cement concrete with iron roof. The accommodation 
comprises two living rooms, four bedrooms, two kitchens, two bathrooms, 
t\\"o pantries, two storerooms, etc. ; a spacious verandah is provided. 
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An underground tank of cement concrete of a capacity of 20,000 gallons 
for conservation of rain water has been provided ; also oil store, wash­
house,· stabling and usual offices. 

THE JETTY is 232 feet in length, with berthing accommodation for 
vessels of ro-feet draught, connected with the quarters, etc., by a 2-feet 
gauge tramway. An area of about 6oo acres in extent, enclosed with 
sheep-proof fencing, has been provided. 

CosT, ETC.-The work was carried out departmentally throughout 
and was completed in February, rgro, a11d on rst March of same year 
the light was first exhibited and the work handed over to the Harbour 
and Lights Department. The total cost of the work was £8,228 . 

PoiNT CLOATES. 
The tower is erected on Cloates Hill, 138 feet above sea level, in Lat. 

22° 42' ., Long. II3° 42' E., about 200 miles north of Cape Inscription. 
Owing to excellent sandstone being available, the tower and quarters 
are of masonry, in colour a pleasant warm brown ; the stone, howevet~, 
proved co tly to work on account of its hardness. 

THE TowER (Fig. 6) is 47 feet r inch in height from base to level of 
gallery floor, and rg fee t 8 inches in diameter at the base. In this is 
installed a second-order dioptric flashing light by Chance Bros., Ltd., 
of Birmingham, comprising a three-sided optic, flashes t of a second 
duration, ec1ipse 41 seconcl ; the height of focal plane above high water 
is 190·4 feet ; range of visibility, r s miles ; illuminated sector, 200° ; 
the height of tower from base to vane of lantern is 73 feet 6 inches. The 
lamp is an 85 mm. Chance incandescent vapour type of 300,000 candle­
power. Near the tower a fl agstaff So feet in height has been erected for 
signalling purposes. The internal iron work, such as floors, circular 
stairs, etc., were designed departmentally and constructed under contract 
in Perth . 

QuARTERS (Fig. 7) for two lightkeepers, all under one roof, have 
been provided. The walls are of stone, roofed with iron, and comprise 
two living rooms, fo ur bedrooms, two kitchens, two bathrooms, two 
store rooms, etc. A spacious verandah back and front has been provided, 
also oil store, stabling, wash-houses, etc. 

TRAMWAY. - A 2-feet gauge tramway about 2·3 miles in length con­
nects the quarters and oil store with the landing on the beach . An area 
of about rs acres has been fenced in for use of the lightkeepers. The 
whole of the work was carried out de] artmentally at a total cost of 
£r3,265. 

' LAMI G HEAD, NORTH-WEST CAPE. 
A conspicuous headland some 6o miles northerly from Point Cloates, 

Lat. 21° 48' ., Long. II4° 6' 30" E. This work is now in hand and it 
is hoped will be completed towards the close of the year. Much sickness 
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has prevailed amongst the workmen owing in a great measure to the 
bad quality of the water, and it has been found necessary to instal a 
condensing plant. The distance from the landing place (Fig . . 8) to the 
site of the tower (Fig. 9) is 3-l- miles, and they are connected by a 2-feet 
gauge tramway. 

TowER.-The site of the tower is 200 feet aboYe high-water mark. 
The tower is being constructed in cement concrete, and will be 30 feet 
in height from base to level of gallery floor and 17 feet 8 inches in dia­
meter at I. he base. In this will be installed a second-order lioptric double 
flash light comiJrijng optic of four panels making one revolution in 15 
seconds, two flashes every 7t second ; duration of flash, 3-1ot.h of a 
second; 1 ange of visibility, 18 miles. The lamp is an 85 mm. incandescent 
vapour burner, similar to Point Cloates, of 215,000 candle-po\rer. .-\n 
Ro feet Rag. tafi will be erected near the to,rer for ignalling purpo es. 

QuARTERS for two lightkeepers are being provicl cl, the accommoda­
tion being similar to Point loates. Detached quarter for a third light­
keeper have been requisitioned for by the Commonwealth authorities, 
and will be provided. The \\"Ork i being carried out departmentally. 
All the internal ironwork of the tower, floors, tairs, etc., wa made in 
Perth. It is proposed to fence in an area of 160 acre as a re erve of 
thi work. 

CosT.-The total e. timated cost of the \York is about £17,300 . 

BEDOUT I sLAND. 
Situated in the Indian Ocean in Lat. 19° 35' S., Long . II9°, 6' E., 

about 55 to 6o miles in a north-easterly direction from Port Hedlancl· 
It is a low-lying coralline island in the direct course of steamers making 
to or from Broome. The Board of enquiry considered thi the most 
important light required on the orth-West coast, but its isolated po ition, 
long ext nt of reefs and high tides rendered the c tablishment of an 
atten led light a very lifficult matter. 

I reliminary experiments were conducted at Fremantle with an 
unattended dissolved acetylene light, for a period exce cling ix months, 
and proved so eminently satisfactory that it was decid cl to instal an 
unattended light of six months' duration , and an order for the apparatus 
and steel tower was placed with Messrs. Chance Bro ., Ltd., of Birmingham, 
and duly received an l erect d, and· was placed in commi sion on 14th 
December, 1909. 

THE TowER (Fig. ro), which is of open braced steel, founded upon 
a ma. sive concrete base, is 51 feet rt inches from ground level to lantern 
vane. The light is an occulting one of the fourth order, 2 seconds light, 
8 seconds eclipse, dioptric lens, illuminated sectior 360° ; height of focal 
plane above high water, 67 .21 feet; range of visibility, 9! mile . The 
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total cost of the work was £4,167. As this was the fir t long pe1iocl 
unattended light erected in the ~ tate, and as the " :\ ga " apparatu may 
be new to some of my audience, I pro}JO e to de cribe same as briefly as 
possible further on. 

CAPE LEVEQUE. 

This light is situated at the entrance to King ound, in Lat. r6° 
23' . and Long. !22° ss' E. 

TnE TowER (Fig . rr) is of cast iron, designed departmentally and 
manufactu red under contract by Mr. B. Makutz, of Perth, and is 2 feet 
4 inches in height from ground to level of gallery floor, and rz f et in 
diameter at the base, and i surmounted by a lantern containing a fourth­
order triple fta hi ng light making one complete reYolution in 15 econds, 
producing t ine fl ashes of about -} second duration in quick ucces ion 
every I.'j s conds. Heicrht of focal plan abov high ,,·ater i;; 142-4 fe t; 
range of visibility, r .+ miles. H ight of tower from bas to lantern Yane 
is 43 feet 6 inches. Fngle of illuminated ector, 1.r5°. Th lamp i- a 
55 mm . 3-bu1 ner "Chance" incancle cent \'apour tyve of about z=;,ooo 
candle-power. 

QuARTERS (Fig. rz) for two lightkeeper , all under one roof, are 
provid d. The question of the typ of construction for the. e quarter 
was the subj et of . om cl lib ration . tone wa procurable but costly 
to quarry, and the site being ituated in the tropic only some r6° outh 
of the equator, and owing to the great heat prevailing here fo r the gr ater 
par t of the year, it was con id ere l. in advi able to construct the walls 
of eith r ma onry or concrete, as thes m aterials once thoroughly heated 
retain heat for a lengthened period, and dwellings becom insufferable, 
especially at night, making r stful sleep almo t impo sible. It wa 
ther fore ultimately decide l to con t ruct th dwell ings of timb r framing 
cov red externally with corrugat d galvanised iron laid horizontally 
and painted white; in ternally the tudding is covered wi th " I\.eylock " 
corrugated interlocking t el lathing and plastered. Although by this 
method of con truction the buildings become very hot huring the daytime, 
they cool rapidly after sundown, r ndering the premises bearable at night. 
T he roof is covered with ~: inch . a rking and on this i laid asbestos 
coate I m althoid . The building i surrounded with a Yerandah 8 feet 
in width . Th accommodation i imil ar to that for oth r quart rs 
already describ cl . A corrugated galvani ed iron tank of 20 ,000 gallon 
capacity is provid ed . A r s rve of about 490 acres h as been fenced in. 

The total eo. t of th work \\'as £g,zrg . Fig. I3 sho11· material 
being land c1 on the beach. 

This com pletes the de cription of the work appertaining to those 
originally recommen ded by the Advisory Board . 
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The following additional lights were subsequently recommended 
and approved and are now in course of erection :-

BLACK PEAK.--On the west coast, about midway hetween Fremantle 
and Geraldton. The apparatus is already ordered for this light and 
will be practically a replica of that at Cape Leveque. The tower will be 
of concrete ; the height from ground level to focal plane will be about 
95 feet ; range of visibility, I5 miles. Detached quarters for two light­
keepers will be provi led and communication by telephone to Danclaragan 
(the nearest telegraph station), a distance of about 45 miles, will be 
established, thence messages can be transmitted to Fremantle and Perth, 
etc. 

Three unattended acetylene " Aga "lights are under order for Mary 
Ann Passage, to be erected on Anchor, Airlie and North Sanely Islands, 
respectively, each having a range of visibility of I5 miles; also similar 
lights are to be erected at Cape hossut, with a range of visibility of 14 miles. 
and Point Torment, Derby, with a range of visibility of I2 mile . All 
towers for above are to be of the open steel lattice braced type founded 
upon concrete, and have been designed departmentally . 

Unattended beacon lights have also been established at King Point, 
Albany, and at the head of the Mole, Bunbury. Both these lights have 
been fitted with a sun valve, an automatic device which extinguishes the 
main light luring the clay, leaving only a small pilot light in service, and 
as daylight decrease: so the apparatus turns on the main supply of gas. 

All the five new unattended lights previously referred to will be fitted 
with thi apparatus, and, at the risk of trespassing still further upon 
your pati nee, I propose to briefly describe the apparatus, dealing firstly 
with the lighting apparatus and then with the sun valve. 

Purified dissolved acetylene is stored in steel cylinders, called ac­
cumulators, of varying dimensions, according to requirements. These 
accumulators are filled with what is known as the " Aga" porous sub­
stance, and it is of the greatest importance that this substance is so con­
stituted that it does not change with time, thereby diminishing the 
guarantee of safety and utility . The " Aga" porous substance consists 
of a ceramic mass with a certain percentage of fibre of an elastic nature, 
usually asbestos ; this substance has stood the test of years and may be 
regarded as unchangeable and so immune arc these accumulators from 
risk of explosion that they are carried by vessels as ordinary " 'tween " 
deck cargo, and in order to ascertain the result of high temperature a 
charged vessel was bedded in a wood fire, in another a hole was melted 
through the steel casing-in both these instance the gas merely burnt 
away-there was no explosion ; in a third case to ascertain the result 
of shock an accumulator was fired at with a steel projectile, which passed 
completely through the vessel without causing an explosion. They are 
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generally charged to a pressure of from ro to 17 atmospheres. The 
complete lighting apparatus is shown on Fig. 14, and comprises three 
sections, viz. : the governor, flash er and burner. These I will briefly 
describe in the order enumerated. 

GovERNOR.-The gas enters the apparatus through the pipe A and 
valve B at the same pressure as it leaves the accumulators, and raises 
the membrance K., which acts upon the lever F by means of the lifting 
.eye I ; the lever F is movable about two centres and is held against 
the stay H by means of the spring G, the valve C is then kept open owing 
to the pressure of the spiral spring D; When the pressure of the gas 
raises the membrance, the lever F is drawn upwards, the valve stem E 
pushes the valve disc towards the seat B and diminishes the gas inlet so 
that this will correspond to the gas outlet. The gas leaves the governor 
by the pipes L and M, one of these delivering a supply to the flasher and 
the other to the pilot light. From the above description it will be under­
stood that the governor is really a reducing valve. 

FLASHER.- The gas enters this portion of the apparatus through the 
pipes A and B and the valve seat C, and lifts the membrance D gradually, 
the spring E and I act on the lever G with the same power but in op­
posite directions ; this lever G is magnetised and answers against the 
armature valve seat H in which the outlet for the gas is shut so long as 
G answers against H. ·when the membrance D is lifted by the gas pres­
sure the spring E is drawn against the loop F, which is connected to the 
lever G, and this lever will during the time answer agajnst H by reason 
of its magnetism, when the gas pressure is further increased it adds to 
the tension power of the sp1ing E, and G is loosened from its seat H: 
at that moment the action of the magnetism between G and H becomes 
inoperative and the lever G is suddenly pulled away from H, the gas 
escapes through the opening in H and through the piping K and L to 
the burner, the lever G comes by its pulling away from H into contact 
with the valve seat C arranged above the lever G ; in this valve seat C 
is, as already explained, the gas entrance to the apparatus, and this is 
then shut by the lever G. When the gas exhausts from the apparatus 
the same movements are made in reversed order. The play of the spring 
E in the loop F is diminished by screwing in the wedge N between the 
spring E and the loop F by means of the screw M, thus the quantity of 
gas required to draw up the lever G is diminished and this gas quantity 
answers to the light period, thus the length of the light period is adjusted 
by the scre·w 111. The adjustment of the relation between the light 
period and the whole period (light period plus dark period) is made by 
using the screw 0: by screwing in this the gas quantity which enters 
the apparatus per unity of time is diminished; as the gas pressure during 
the outrush of the gas to the burner is constant (suitable to a good flame) 
the relation between the light period and the whole period is diminished 
by turning in the screw 0. 
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THE BURNER calls for little description . The stem carrying same is 
adjustable vertically by means of the set screws X so as to bring the 
centre of the flame to the local plane. · 

THE su~ VALVE is an automatic apparatus in which the radiating 
light of the sun is u ed to close the gas passage to the burner, which is 
kept op n when the apparatus is not exposed to light. The action of 
the apparatus is foun led on the well-known principle that a body with 
a surface that absorbs light will acquire a higher temperature, and thu 
expand more than a imilar body with a surface that reflects the light 
when both are exposed to the same light. Fig. rs illustrat s the internal 
arrangement of the apparatus. A is a metallic bar with a light absorbing 
surface ; three bars (B) are made of the same material and have the 
same co-efficien t of expansion as A, but are placed inside tubes (C), which 
are carefully polished and gilded and are so rendered light reflecting. 
A is surrounded by a glass tube (D), which allows the radiating light to 
pass in but prevents t he heat rays which emit from A to pa s out ; the 
bars (B) are also protected from the heat rays from C by means of gla s 
tubes (E) . These glass tubes also prevent the bars (B) from being cooled 
faster than A in darkness. The bar (A) acts upon the valve lever (F) so 
that when the apparatus is exposed to light and A gets a higher tem­
perature than B, it expands more than B and presses F against the valve 
seat (G), thus shutting the gas passage; A, expanding still more, the spiral 
sp1ing shown in the upper part of the apparatus will be compressed . 
When in darkness A valve will have the same temperature as B, thus con­
tracting and allowing the valve lever (F) to be lifred from the seat (G) 
by the spring (H), thus opening the gas passage. 

When the sun valve is exposed to sudden changes of temperature, 
by winds, rain, etc., the bars expand or contract in the same degree, thus 
without interfering with the gas passage. The gas inlet is through the 
pipe (J) and the outlet through K. The gas passage, or compartment, is 
carefully separated from the upper portion of the apparatus by means 
of the metallic membrance (L ). By means of the screw (M) the sun 
valve can be adjusted so as to light the flame at such intensity of daylight 
as may be fo und desirable. After the point on top of the apparatus is 
unscrewed the screw (111) can be turned with a special key and the turned 
angle observed on the pointer (0 ) and the circular scale; when the screw 
is turned to the right the valve is closed ; t he axial movement of the 
screw (N) which acts upon A and thus upon the valve lever, is very small, 
because N is threaded in the screw (M) and the threads in and outside 
of M have very little difference in pitch. When the sun valve is sub­
mitted to tests it must always be remembered that it is the caloric effect 
of the light that acts upon the apparatus : thus in a pale light it will 
take a relatively long time (some minutes) before the valve will come 
into a position corresponding to the light . If the protecting hood is put 
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on the sun v;,tlve when exposed to strong sunlight it will take some minutes 
before the heated black bar (A) is cooled. 

Messrs. Gardner, Waern & Co., the Australian representatives of the 
ga " light, have very courteously lent me their demonstration ap­

paratus (working model), which I submit for your examination. I feel 
that you will appreciate, as I do sincerely, their kindness in affording 
us uch an opportunity. 

DISCUSSIO .. . 

ln reply to questions, the AUTHOR intimated that the makers do 
not divulge anything as to the nature of the metal u ed in the sun valve. 
r\utomatic lights have been extinguished by gale , as \Yas the case during 
tl1e cyclone last March, when the Bedout light was blown out, which 
is believ d to have been caused by too much ventilation under the dome 
of the lantern. There is no means of automatic re-lighting. No trouble 
is caused by the jets carbonating. From 500 to 1,000 up to 1,500 candle­
power, for a single flame, according to the different ize of the lenses, 
arc most frequently used. The gas used is compressed and varies from 
10 to 17 atmospheres. It is absorbed in this " Aga " porous substance, 
as they call it. Ordinary acetylene ga . if it is compressed up to about 
two atmo pheres, becomes explosive, but this does not. That i the beauty 
of thi system-there is absolutely no fear of xplo ion. 



INTERSTATE CONFERENCE ON THE ARTESIAN WATER 
SUPPLIES OF AUSTRALIA. 

(BY A. GIBB -:\1AITLAND.) 

On a previous occasion when addressing the Western Australian 
Institute of Engineers on the subject of the geological considerations 
affecting the artesian water supply of the State, it was pointed out that 
the United States Government appointed a commission consisting of 
geologists and engineers for the purpose of making an exhaustive scientific 
examination of the arid regions of the Interior, and the hope v as expressed 
that some day such a body would be brought into existence locally. 

In April last I was privileged to attend, as the representative of 
Western Australia, the Interstate Conference on the Artesian \Vater 

upplies of Australia, which sat in Sydney. 

The Conference was called together for the purpose of taking stock, 
as it were, of the artesian vvater supplies of the Commonwealth, and to 
ascertain how long they are likely to last, and if the valuable asset was 
not illimitable to devise some workable means where by properly develop­
ing the supplies to do so in such a way as will benefit not only the 
existing community, but succeeding generations. 

This Conference was perhaps one of the most important gatherings 
which has yet been held in Australia. The representatives comprised 
four Hydraulic Engineers, representing New South ·wales, Queensland and 
Victoria, respectively, together with the Government Geologists of New 
South Wales, South Australia and Western Australia, and an officer of 
the Public ViTorks of New South Wales, who acted as Secretary. 

Amongst the more important ±acts elicited during the course of 
the deliberations of the Conference were :-

(a) 

(b) 

(c) 

The very large portion of Australia occupied by artesian 
water areas and the extent to which the interests of several 
States are involved in regard to more than one of the known 
artesian basins; 

The amount of work which has been o:fficiallv done on the 
artesian basins of Australia, and the very va1:iable degree of 
precision of the investigations carried out in the different 
States; 

The very marked and serious diminution both in the flow 
and pressure of those artesian wells of which periodical 
measurements have been made under direct Government 
supervision ; and 

II2 
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(d) The very serious corro ion of bore casings, which up to the 
present time, however, seems confined to certain restricted 
though extensive areas of Australia. 

After fully discussing the matter of the source, utilisation and con­
servation o£ the artesian "ater supplies of the Commonwealth, the Con­
erence r commended, i11ter att:a, for the consideration of the re pective 
Government of Australia. -

(r) A uniform sy tem of delineating the difierent artesian wate 
ba ins; 

(z) .·\ hydrog1aphic urvey, with the view of arriving, so far as 
is possible, at an stimate of the water annually absorbed 
by the re pective ba in ; 

(3) Legislation to prevent an unnecessary multiplication of 
bore ; 

(4) l. 'niform legislation to ensm e th effective control by the 
State of all existing and futUJc bore within all artesian 
ba in ; 

(S) X o new irrigation enterprise which depend for their supplies 
of \\·at er upon artesian w lis being inaugurat d until certain 
investigation recommended by the conference have been 
carried out ; 

(6) A uniform system of ea ing all artesian wells; 
(7) Jnv stigations into the compo ition and structure of the 

metal of which bore a ing are mad , and into the efficiency 
of coating or linings in nch casings, in so far as their powers 
of 1 e. isting corro ion arc concerned; 

( ) The formation of a p rmancnt interstate board for the dis­
cus ion, correlation and recording data in regatd to the 
artesian ba ins of th ommonwealth; 

(9) The co t of any special investigations r commendcd by the 
Conference being borne in equitable proportions by the 
respective. tatcs. 

1 t may 1- crhaps be of interest to note that this conference virtually 
form a part of that great mod rn sci ntific movement of the Conservation 
of :'\aturall~esource , which is slowly but su rely making itself felt through­
out th whole civilised world. 



MANN ON CORROSION OF IRON AND STEEL. 

Pig Iron Produced. 
Year. (Millions of Tons.) 

r8oo o·s 
r8so 4 
1900 40 
1904 46 
1909 6o 

These data are shown graphically in Fig. 1. 
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CURVE I LLU . TR ATING THE ANN UAL PRODUCTIONS oF 

PIG IRON SJNCR 1800. 

Illustration I. 

Acid: hydrochloric HCJ 
+ -

Base : sodium hydroxide NaOH - ~a + ~H 
Salt: sodium chloride NaCJ "'N'a + ·01 

or to give more complete examples : 

Acid : sulphuric H. so~ ~ H. H + s 0, 

Base: calcic hydroxide Ca(OH):a .. C: +OH ·OH 
Salt : calcic sulphate CaS04 

Illustration 2. 

++ .... ea +so, 
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\ re·· 
~ OH-

<() H .. 

0 H 

Illustration 3· 

11~d 

-IAON 
Fe 

Illustration 4· 

e'\ ~6£ 
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r: erroxyl Reagent 

Diagrammatic explanation of action in ferroxyl indicator. 

IllustJation 5· 

f- -
.t 

-
Illustration 6. Illustration 7. 

Illustration 8 . Illustra tion 9 · Illustration t o. 
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RIDGWAY ON COASTAL EROSIO N 

WALLESLEY EMBANKMENT, 
CHESHIRE. 
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RJDGWAY ON COASTAL EROSION 

SEA WALL, SCARBOROUGH , 
YORKSHIRE. 

--SCALE.----
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Fig. 3· 
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DE MURALT'S SYSTEM 

FOR SHELTERED SITUATIONS. 

H.W. 

-------

6 

. . . 

RI DGW AY ON COASTAL EROSION. 

OF REINFORCEMENT FOR SEA DEFENCES. 

FOR EXF>OSED SITUATIONS. 

7 

: . . 
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Figs. 6 and 7· 
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OLDHA M ON AGRICUL TU R A L ENGI NEERING . 

Pl a1e 1. 

Pla te 2. 



OLDHAM ON AGRICULTURAL ENGINEERING. 

Plate 3· 

Plate 4 · 
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OLDHAM ON AGRICULTURAL ENGI NEE RING. 

Plate g. 

Plate ro. 
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Pl ~te I I. 

P late 12. 
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Plate 13. 
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Pl~t e 15. 

Plate 16 . 



FARRAR ON LIGHTHOUSE CONSTRUCTION. 
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Fig. 2 . 
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FARRAR ON LIGHTHOUSE CONSTRUCTION. 

Fig. 7· 

F ig. 8. 
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